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GLYOXALASE 


III. GLYOXALASE AS A REAGENT FOR THE QUANTITATIVE MICRO- 
ESTIMATION OF GLUTATHIONE 
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(From the Cancer Research Laboratories, University of Pennsylvania Graduate 
School of Medicine, Philadelphia) 
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Reduced glutathione was first shown by Lohmann (1) to be a 
specific activator of the enzyme glyoxalase, which converts 
methylglyoxal into lactic acid. The amount of activation was 
dependent, within a certain range, upon the concentration of 
glutathione. On the basis of this relationship a new manometric 
method for the estimation of glutathione has been developed. 
The amount of glutathione may be determined from the amount 
of activation it produces with a given quantity of enzyme. 

It was apparent from the work of Lohmann on muscle and liver 
glyoxalase, and of Platt and Schroeder (2) on acetone-yeast 
glyoxalase, that greater changes in activity were produced by 
increasing amounts of glutathione where low concentrations of the 
latter were used. At higher concentrations the activity ap- 
proached a maximum beyond which further increases in gluta- 
thione gave no increased activity. Therefore, to use the activity 
produced as a measure of the glutathione present, it is essential to 
work in the range of low cohcentrations. 

The extreme specificity of glutathione for this reaction was 
pointed out by Lohmann. Only the reduced form has any effect. 
Oxidized glutathione, cysteine, thioglycolic acid, hydrogen sulfide, 
hydrogen cyanide, pyrophosphate, citrate, and hydroxyquinoline 
had no activating effect whatsoever. To this list thioneine and 
ascorbic acid, two substances which are known to react in iodo- 
metric methods, are now added. Thus this specificity provides 
us with a means of distinguishing glutathione, particularly in 
tissues, from other sulfhydryl compounds and ascorbic acid. 
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EXPERIMENTAL 


Glyoxalase activity measurements are made in the simple 
Barcroft-Warburg manometric apparatus at 25°, the manometer 
cups having a single side bulb of about 0.8 cc. capacity and a 
total volume of about 18 cc. The manipulation of the apparatus 
as regards glyoxalase activity measurement has been discussed at 
length in Paper I of this series (2) and in general the same pro- 
cedure is followed in this work. Since the factor being studied 
here is glutathione, this is always placed in the side bulb. In 
setting up a run, materials are measured first into the main cham- 
ber of each manometer cup as follows: 0.5 cc. of glutathione-free 
acetone-yeast (15 to 20 per cent suspension), 0.2 cc. of methyl- 
glyoxal (10 mg. per cc.), 0.4 cc. of sodium bicarbonate (0.2 m), 
and water to make a total volume of 2 ec. including the measure- 
ments in the side bulb. By mixing the yeast and methylglyoxal 
first, the observed blank gas evolution caused by a slight reaction 
between these two is cut down, since the greater part of this 
reaction occurs before the manometric readings can be started. 

The acetone-yeast to be used as the source of glyoxalase must 
be glutathione-free. Such a product may be prepared by 
simply washing the usual acetone-yeast as prepared by the method 
of Albert, Buchner, and Rapp (3). A small amount may be 
washed free of glutathione each time as described in the pre- 
vious paper (2), or a large amount may be washed and subse- 
quently dried by the acetone-ether procedure. In this form it is 
more convenient for use, as much time is saved at the start of 
each day’s work. For use in the manometric estimations an 
amount of yeast is chosen which, with 0.1 mg. of glutathione, will 
give in 20 minutes an amount of CO, equal to about three-quarters 
of the capacity of the manometers (in our case about 200 to 250 
c.mm.). With our yeast preparations 0.5 cc. of a 15 or 20 per 
cent suspension usually contained the desired amount of enzyme. 
Exact duplication of the yeast measurement is very essential; 
therefore, thorough mixing and accuracy of measurement are 
important. 

In order to obtain methylglyoxal solutions of fairly high concen- 
tration the procedure of Bernhauer and Gérlich (4) was used. 
The methylglyoxal content was determined as the m-nitroben- 
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zoylosazone (5) and the solution diluted so as to contain 10 mg. 
per ce. 

Effect of Protein Precipitating Agents on Acetone-Y east Glyoxa- 
lase—Since it is usually desired to analyze for glutathione in a 
protein-free filtrate, and since sulfosalicylic and trichloroacetic 
acids, because of their acidity, seem to be the best reagents for 
preparing such filtrates, the effect of these acids as regards their 
toxicity toward glyoxalase was first investigated. A definite 
amount of pure glutathione in the acid was measured into the side 
bulb of the manometer cups along with a control containing the 
same amount of glutathione but no acid. An amount of 0.2 M 
bicarbonate was added to the side bulb containing the acid in an 
amount sufficient to neutralize it to methyl orange, this amount 
being previously determined by a separate titration. Then, after 
saturating the mixtures in the manometers with 5 per cent CO, 
in nitrogen and tipping the contents of the side bulb into the 
yeast, methylglyoxal, and bicarbonate mixture in the main part of 
the cup, the effect on the enzyme could be determined. It was 
found that amounts of neutralized sulfosalicylic acid up to 0.5 ce. 
of 2 per cent acid had no effect on the enzyme. 0.2 cc. of trichloro- 
acetic acid, however, showed a slight toxic effect, this effect being 
greater with increasing quantities of the acid. Sulfosalicylic acid 
filtrates were therefore used in determining the glutathione con- 
tent of blood and tissues. 

Effect of Bicarbonate Concentration—Since there might be slight 
variations in the neutralization of the acid in the side bulb, the 
effect of an excess bicarbonate concentration was investigated. 
It was found that there was no difference in the amount of activa- 
tion observed when the total quantity of bicarbonate present was 
varied over the range of 0.3 to.0.6cc. The activity was somewhat 
less when only 0.2 cc. was used. The optimum pH range was 
therefore quite wide, 7.5 to 7.8, and slight variations in the amount 
of bicarbonate used to neturalize the acid in the side bulb could 
thus have no effect on the activity. It is better, however, to have 
the acid slightly overneutralized, for the unneutralized sulfo- 
salicylic acid is sometimes slightly toxic. 

Specificity of Glutathione—Since thioneine, ascorbic acid, and 
cysteine are thought to be the chief substances present in tissues 
which interfere in the usual methods of glutathione estimation, 
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their effect on the glyoxalase method was studied. No activating 
effect whatsoever was observed, either in the presence or absence 
of glutathione. 

A further indication of the specificity of glutathione for glyox- 
alase activation is given in the succeeding paper (6) in which it is 
shown that the glutathione molecule may be attacked in such a 
way by antiglyoxalase that it becomes inactive towards glyox- 
alase, yet the sulfhydryl group remains intact. Lohmann re- 
ported a large number of other substances which had no activating 
effect on the enzyme. 

Analytical Procedure Adopted—The method in brief is as follows: 
A standard glutathione curve is first established by determining 
the effect of increasing known amounts of pure glutathione on the 
activity of glutathione-free acetone-yeast glyoxalase. A portion 
of the solution to be analyzed is then added to a similar amount 
of yeast and the activating effect observed. By reference to the 
standard curve the quantity of glutathione present can be deter- 
mined. 

The glutathione standards run usually contain 0.025, 0.05, 0.1, 
and 0.15 mg. of glutathione in solution in the side bulb. A yeast 
blank with no glutathione is also included in the series and its 
value subtracted from all the other readings. This blank takes 
care of any pressure developed because of side reactions between 
methylglyoxal and yeast, as well as of changes in pressure due to 
variations in temperature or barometric pressure. After tipping, 
an open period of 4 minutes is used. Readings are then taken 
every 5 minutes for 20 minutes. If the CO, produced in each 
standard (after subtraction of the blank) is plotted against time, 
a straight line cutting the origin should be obtained; in other 
words, the amount of CO, produced every 5 minutes should 
remain constant. If such is not the case, but the activity remains 
linear for the first 15 minutes, the correct 20 minute figure may be 
determined by extrapolation. The amount of CO, produced in 
20 minutes is then plotted against the amount of glutathione and 
the standard glutathione curve traced through these points. 
Fig. 1 is an example of such a curve. 

For the estimation of an unknown amount of glutathione, an 
amount of solution containing not over 0.1 mg. is placed in the 
side bulb and the activity it produces with the same amount of 
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yeast is measured in the same manner as with the standards. If 
only one or two samples are to be analyzed these may be run in 
the same series as the standards, the 0.15 mg. standard being 
omitted when the set-up contains only six manometers. If the 
analyses are run as a separate series, a yeast blank must be repeated 
here. 

When a sulfosalicylic acid protein-free filtrate is used for the 
analysis, this must be neutralized in the side bulb by adding suffi- 
cient 0.2 m bicarbonate to neutralize to methyl orange, this 
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amount having been determined by a separate titration. We 
have found convenient the. following amounts of 2 per cent sul- 
fosalicylic acid blood and tissue filtrates. 


ai ctisd sis cerwene vds0 ctmewnaen 0.5 ce. 1: filtrate 
EE SE Perr re ee 0.5 *“ 1:10 sed 
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After measuring the amount of CO, produced in 20 minutes by 
the unknown, the standard curve is referred to and the amount of 
glutathione present read off directly. 
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Recovery Experiments—Recovery experiments for glutathione 
added to liver extract, blood plasma, red blood cells, whole blood, 
and yeast have been satisfactory. Table I presents such results. 

Comparison of Manometric and Iodometric Values for Gluta- 
thione—A few analytical results obtained by the new method are 
given in Table II together with the glutathione values obtained 
by iodometric titration. For the titration the iodate procedure 
of Woodward and Fry (7) was used: in the case of blood, on 1:5 
or 1:10 dilution in 2 per cent sulfosalicylic acid; in the case of 




















TaBLeE I 
Recovery of Glutathione Added to Blood and Tissues 
Original | GSH 
GSH | added | Total | gop 
Material to which GSH was added met} oe | oe recoy- — 
amount | eter mated . 
used cup 
mg. mg. mg. mg. per cent 
Rabbit liver extract................ 0 0.1 0.099 | 0.099 | 99 
as a eT ee ee 0 0.1 0.098 | 0.098 | 98 
“ a igh Po a RE RES « 0 0.05 | 0.050 | 0.050 | 100 
Blood plasma, human, cancer.......| 0 0.067 | 0.067 | 0.067 | 100 
” ag ee 0 0.067 | 0.068 | 0.068 | 101 
Red blood cells, human, cancer.....| 0.032 | 0.05 | 0.080 | 0.048 | 96 
_ a ns - ae 0.099 | 0.05 | 0.146 | 0.047 94 
™ we - * normal.....| 0.016 | 0.03 | 0.0455) 0.0295) 98 
” 4 -" ‘¢ y..--| 0.016 | 0.02 | 0.035 | 0.019 95 
Whole blood, human, normal........ 0.0305) 0.05 | 0.081 | 0.0505} 101 
” on 3 > © payee 0.028 | 0.05 | 0.078 | 0.050 | 100 
ns 18 " © fascean 0.036 | 0.05 | 0.087 | 0.051 | 102 
Avotome-yeast............ccccececs. 0 0.05 | 0.049 | 0.049 98 








tissues, on a filtrate similar to the Okuda and Ogawa (8) sulfo- 
salicylic acid filtrate. While this titration method was not recom- 
mended for determining the glutathione of tissues, nevertheless it 
may be used for the purpose of determining the total iodine- 
consuming power of the extracts. A comparison of such a value 
with a true glutathione value is of interest in view of the fact that 
iodometric methods have been most extensively used for gluta- 
thione measurements in tissues. 

Ascorbic acid values obtained by 2 ,6-dichlorophenol indophenol 
titration have also been included in Table II, since this substance 
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is a constituent of tissues which reacts with iodine and is therefore 
included in any iodometric figure for glutathione. For this esti- 
mation, the titration procedure of Birch, Harris, and Ray (9) 
was used on the sulfosalicylic acid filtrates as described above. 
Sulfosalicylic acid seems superior to trichloroacetic acid for such a 
titration as the end-point is sharper, there is less fading of the 
indicator, and the autoxidation of ascorbic acid is considerably 
cut down. 

From Table II it may be observed that the iodate value is, on the 
whole, considerably larger than the manometric value; in the case 
of adrenal tissue the iodate value is about 10 times the true value. 
In agreement with the work of Boyland (10) is the finding that 
tumors contain only about one-third as much glutathione as indi- 
cated by iodometric titration. With blood, however, there is 
quite close agreement, indicating that with the iodate titration 
procedure for blood only glutathione is estimated. 

If glutathione and ascorbic acid-like material are the only sub- 
stances present which react with iodine in the iodate titration for 
glutathione, the sum of these two (Column 5) should be the same 
as the iodate titration value (Column 1). There is fair agreement 
in many cases, as was also found by Boyland. The lack of agree- 
ment in certain cases may probably be accounted for by the 
uncertainty of the iodine end-point in the tissue extracts. 

Oxidized Glutathione—It was hoped that it might be possible to 
show by the new manometric method whether the increase in 
reducing material caused by zinc reduction of an acid extract of 
tissue or blood was due to reduced glutathione. When, however, 
a zinc-treated sulfosalicylic acid filtrate was used, no activity 
whatsoever was obtained, due to the high toxicity of the zine to 
the enzyme. Lohmann had previously reported zinc to be non- 
toxic to glyoxalase, but his highest concentration was 0.002 M, 
while in the zine-treated sulfosalicylic acid the concentration is 
considerably higher. Several attempts to remove the zinc, and 
yet allow a quantitative recovery of added glutathione, failed. 

The reduction of oxidized glutathione by other metals in the 
presence of acid was therefore investigated, together with toxicity 
measurements of the metal toward the enzyme. Magnesium had 
previously been used, as well as zinc, as a means of reducing oxi- 
dized glutathione in an acid medium. When magnesium-treated 
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sulfosalicylic acid was found to be entirely non-toxic to glyoxalase, 
considerable hope was offered for the estimation of oxidized 





























Taste II 
Comparison of Manometric and Iodate Values for Glutathione in Blood and 
Tissues 
a {a (eh |2 | 23 (88 
= = a ° 2o 
4/28 |e | £2 |$s% 
S| 8 $8s| 3. | £8 |eee 
3 | & |*8| £3)3 i Se 
_— 2 | & |stal gs | St last 
7. oe 3) om |$3 
m | Pt ms | mo | 83 
nD nD SE ns] OO ls >+ 
.) oO |< o 5 4 
(1) (2) (3) (4) (5) (6) 
mg mg. mg. mg. mg. 
per | per | per | per | per 
100 100 100 100 100 
gm. | gm gm. | gm. | gm. 
Liver, rat, normal......................| 307 | 236 | 25 | 87 | 323 | 105 
29 on iy ..-| 261 | 180] 19 | 66 | 246) 94 
- - ena la xs Reena kt atah a ee ee 
* ‘Philadelphia No. 1 sarcoma.| 169 | 122 | 10.5) 37 | 169 | 100 
“ce “ce “ce “ce l “ 189 132 
“ “ce “ce “ce 1 “ce 176 14 
Tumor, rat, i 7 ” 215 | 86] 53 |185 | 271 | 126 
“ce “ee “ce “ce 1 “cc 72 47 
“oc “e “ce “ce 1 “ce 154 68 
‘* horse, melanosarcoma..........| 145 | 47 | 26 | 91 | 138 | 95 
" " Rita lwhensens 77 | 34) 13 | 45 79 | 103 
Muscle, ‘“ BY eo: Nila mall 66 | 42 |<1 0 42 | 64 
Adrenal, ‘“ a ee ul a | 960 | 94 |243 (850 | 944/ 98 
Brain, rat, Philadelphia No. 1 sarcoma.| 164 | 45 | 28.5) 99.4) 144) 88 
“oe “ce “ “ 1 “cc 42 35 
Spleen, rat, " a - 100 | 34 
” 1 RE iiss iss + Kdeseeees OH 197 | 100 | 38 {133 | 233 | 118 
Kidney, rat, Philadelphia No. 1 sarcoma. 98 | 13 
ou oo) 2. adel. cieaeKe 6 oeret 253 | 1384] 15 | 52 | 186 | 73 
Red blood cells, human, normal........ 75 | 76| 0 0 76 | 101 
- ™ - ” pe Sree 72| 68} 0 0 68 | 94 
” “ sia " cancer.........| 61] 56] 0 0 56 | 92 
33 “ a 44 DO  cdueevews 81} 80| 0 0 80 | 99 
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glutathione. However, when pure oxidized glutathione was used, 
it was not possible to bring about reduction of more than a small 
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fraction in any concentration of sulfosalicylic, sulfuric, or trichloro- 
acetic acids. This was very surprising in view of the fact that 
both Schelling (11) and Thompson and Voegtlin (12) found an 
increase in the reducing value of tungstic and trichloroacetic acid 
filtrates of blood and tissues after magnesium treatment. 

Other metals investigated were cadmium, manganese, calcium, 
and sodium. Manganese was considerably more effective than 
magnesium in reducing oxidized glutathione, although less power- 
ful than zinc. However, it was found to be slightly toxic to 
glyoxalase and was therefore abandoned. Cadmium also was not 
suitable as its reaction with sulfosalicylic acid to give hydrogen 
was too slow. For this reason metals below cadmium in the 
electromotive series were not tried. Going up the electromotive 
series, we found calcium and sodium (amalgam) were even less 
effective than magnesium for reduction of the oxidized glutathione. 
Although there is great evolution of hydrogen, the reduction does 
not seem to depend upon this but upon the potential of the metal, 
for the degree of reduction by the metal is in the order of the 
electromotive series. 

From these considerations, therefore, zinc seems to be the only 
metal suitable for reduction of oxidized glutathione in acid extracts 
of tissue, and due to its toxicity toward glyoxalase we have not 
been able to apply it to the manometric method. 


DISCUSSION 


The method described here should prove of considerable value 
when the true glutathione content of the tissues is desired, as no 
other substance so far as is known can be confused with gluta- 
thione in this method. As small an amount of glutathione as 
0.01 mg. in 0.5 cc. of solution ‘may be satisfactorily determined. 
The accuracy of estimation is extremely good, the limit of error 
probably not being over 6 per cent. It depends to a large extent 
upon the accuracy of measurement of the yeast and of the gluta- 
thione in determining the standard curve. 

Owing to the complexity of the apparatus and technique this 
method can hardly be recommended for routine examination. 
The iodate method for blood is still to be preferred and its accuracy 
has been shown by comparison with the above method. 











PO REL a TOT 








10 Glyoxalase. III 


SUMMARY 


A manometric method for reduced glutathione in tissues has 
been developed. It depends upon the measurement of the 
activating effect of glutathione on acetone-yeast glyoxalase. 

The effect of glutathione is specific, neither cysteine, thioneine, 
ascorbic acid, nor oxidized glutathione (among other substances) 
producing any activity. 

Glutathione values in tissues by this method are considerably 
lower than by iodometric titration. In blood there is not this 
discrepancy. 

2 ,6-Dichlorophenol indophenol titrations in most cases account 
for the difference between the iodometric and manometric values 
for glutathione. 


The author wishes to acknowledge her indebtedness to Dr. E- 
F. Schroeder for his advice throughout the course of this inves- 
tigation. 
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In a previous paper of this series (1) evidence was presented for 
the occurrence, in rat kidney, of a powerful inhibitor of the 
enzyme glyoxalase. The behavior of this inhibitor is similar in 
some respects to that of antiglyoxalase, found by Dakin and 
Dudley (2) to occur in pancreas. The results described in the 
present paper confirm our previous observations and throw light 
on the mechanism of the inhibition. 

Although numerous investigations have been carried out, com- 
paratively little is known of the nature of pancreatic antiglyox- 
alase. Foster (3) and von Vargha (4) doubted the existence of a 
specific inhibiting factor, and suggested that the observed effects 
were due merely to destruction of substrate by proteins and other 
amino compounds present in the pancreas preparations. Ariy- 
ama (5) and Ariyama and Kobayashi (6), however, showed 
that the losses in substrate due to the presence of amino com- 
pounds were far too small .to account for the entire inhibiting 
effect. Dakin and Dudley (2) found an antiglyoxalase effect in 
aqueous extracts, as well as in dry preparations, from a wide 
variety of animals, the inhibition being non-specific for the species. 
The inhibitor was found to be thermolabile, non-dialyzable through 
animal membranes, fairly stable towards 1 per cent sodium car- 
bonate, but destroyed by 0.01 nN HCl. The effect was not due to 
trypsin, lipase, or amylase. When enzyme and pancreatin solu- 
tions were allowed to stand together before addition of substrate, 
the degree of inactivation of the glyoxalase increased with the 
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time of preliminary incubation. From this it was concluded that 
the effect of the inhibitor was exerted on the enzyme rather than 
on the substrate, and that the reaction responsible for the inhibi- 
tion proceeded rather slowly. Ariyama (5) and Sakuma (7) 
reported a considerably greater thermostability for the inhibitor; 
pancreatin, for example, did not lose its effect even when heated to 
120° for 30 minutes. The enzymic nature of the inhibitor thus 
seemed doubtful. Kuhn and Heckscher (8) were able to adsorb 
pancreatic antiglyoxalase from a glycerol extract of pig pancreas 
with alumina C, at pH 3.8, but no means of elution was found. 
Girsavicius (9) has recently obtained evidence that the antigly- 
oxalase of pancreatin exerts its effect by destroying the coenzyme 
glutathione. Since no loss of titratable sulfhydryl occurred, he 
suggested that the effect might be due to hydrolytic splitting of the 
glutathione molecule. He also found that the inhibition began 
only after the reaction mixtures had been subjected to a prelimi- 
nary incubation period of about 2 hours, and then increased rap- 
idly. It should be pointed out that pancreatic antiglyoxalase is 
quite distinct from the pancreatic factor which inhibits glycolysis. 
This latter factor was discovered by Winfield and Hopkins (10) and 
later shown by Case and McCullagh (11) to be identical with 
amylase. 

By means of the manometric method previously described (1, 12) 
we have been able to demonstrate the presence of an antiglyoxa- 
lase in kidney, as well as pancreas, of rat, rabbit, pig, and horse, 
Acetone-ether-dried preparations of these organs also contain the 
inhibitor. The effect is non-specific for the species, both kidney 
and pancreas preparations from the above animals inhibiting 
glyoxalase obtained from liver, muscle, or acetone-yeast. The 
full effect of the inhibitor is not exerted instantaneously. In each 
case the degree of inhibition of glyoxalase activity increases with 
time. The more inhibitor present, the more rapid is the inactiva- 
tion. 

The inhibitor appears to be inactive in intact slices of kidney 
and pancreas tissue, exerting its effect only after the cell structure 
has been destroyed in the process of extraction. In a previous 
paper (1) it was shown that intact slices of these tissues have a 
high glyoxalase activity, that of. kidney even exceeding that of 
liver slices. The rate of the enzyme reaction shows no appreciable 
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falling off for at least 1 hour. But when aqueous extracts of 
kidney and pancreas are used, the glyoxalase either is inactive, or 
decreases very rapidly in activity. Extracts of liver and spleen, 
on the other hand, have a high glyoxalase activity which remains 
constant for long periods of time. These findings indicate that 
the action of antiglyoxalase is in some manner related to the tissue 
structure. 

Conclusive evidence has been obtained that kidney antiglyoxa- 
lase destroys the coenzyme glutathione, and does not affect the 
enzyme itself. Also, the effect is not on the sulfhydryl group, but 
on some other part of the glutathione molecule. Pure glutathione, 
when incubated with kidney preparations, loses its ability to 
activate glyoxalase although no loss of titratable sulfhydryl occurs. 
These findings agree with the suggestion made by Girsavicius on 
the antiglyoxalase action of pancreatin. However, a closer ex- 
amination of the behavior of pancreatin and fresh pancreas extracts 
has shown that the amount of inhibition produced is considerably 
greater than can be accounted for by the loss of glutathione. Our 
results indicate that pancreas may contain two antiglyoxalase 
factors, one of which resembles that of kidney in acting on the 
glutathione (but not on the sulfhydryl group) and a second which 
probably acts on the enzyme itself. 

A method has been devised for the quantitative determination 
of antiglyoxalase activity. Preliminary results indicate that 
kidney cortex contains about twice as much inhibitor per unit 
weight as does the medulla. Kidney extracts generally produce a 
much greater inhibition than do corresponding amounts of pan- 
creas extracts. Fresh rat kidney, the most active source thus far 
found, contains more than 20 times as much antiglyoxalase as 
does pancreatin. Further workis in progress on the distribution 
and properties of both kidney and pancreas antiglyoxalases. 


EXPERIMENTAL 


Inhibition of Glyoxalase Activity by Kidney and Pancreas 
Preparations 


For demonstrating the inhibiting effect of kidney and pancreas 
preparations on glyoxalase activity, the manometric method 
previously described (1, 12) was used throughout. Kidney, pan- 
creas, liver, and muscle extracts were prepared by grinding the 
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tissues with sand, and extracting for 30 minutes at room tempera- 
ture with 5 parts of water. The mixtures were then centrifuged. 
Glyoxalase activity determinations were made at 25°, with 2 mg 
of methylglyoxal and 0.4 cc. of 0.2 m sodium bicarbonate, in a total 
volume of 2 cc. Blank determinations were made on the gluta- 
thione-free enzyme and inhibitor solutions, and the values de- 
ducted when significant. 
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Fig. 1. Effect of increasing amounts of rat kidney extract on the activity 
of rabbit liver glyoxalase. Curve A, liver control; Curve B, 0.1 cc. of 
kidney extract; Curve C, 0.2 cc. of kidney extract; Curve D, 0.4 cc. of 
kidney extract. 


Fig. 1 shows the effect of increasing amounts of rat kidney 
extract on the activity of rabbit liver glyoxalase. The indicated 
amounts of 1:5 kidney extract were added to 0.4 cc. of fresh, 
active 1:5 liver extract, and the glyoxalase activity determined 
as rapidly as possible (without added glutathione). The time 
of contact of the kidney extract with the liver glyoxalase before 
the start of the readings did not exceed 10 minutes. Nevertheless, 
complete inhibition of the enzyme activity had occurred in the 
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mixture containing 0.4 cc. of kidney extract, and partial inhibition 
in the others. Similar mixtures incubated for 40 minutes at 25° 
were found to be completely inactivated, even with 0.1 cc. of 
kidney extract. 
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Fia. 2. Inhibition of acetone-yeast glyoxalase activity by rabbit kidney 
and pancreas extracts; effect of time. Curve A, acetone-yeast control; 
Curve B, 0.4 cc. of pancreas extract (immediate); Curve C, 0.4 cc. of kidney 
extract (immediate); Curve D, same as for Curve B, but 3 hours incubation 
at 37°. 


Fig. 2 shows the inhibiting effect of rabbit kidney and pancreas 
extracts on unwashed (glutathione-containing) acetone-yeast, 
prepared as previously described (12). The irdicated amounts 
of 1:5 kidney and pancreas extracts were added to 0.4 cc. of a 10 
per cent suspension of acetone-yeast, and the glyoxalase activity 
determined immediately. In the case of pancreas, a similar reac- 
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tion mixture was incubated for 3 hours at 37°, and the glyoxalase 
activity then determined. Kidney and pancreas extracts behave 
similarly in that the inhibition produced increases with time, and 
with the concentration of inhibitor. No evidence was found for 
the existence of an induction period before inhibition sets in, as 
claimed by Girsavicius for antiglyoxalase from pancreatin. The 
effect can be observed immediately provided enough inhibitor is 
present. Similar results were obtained from fresh pancreas and 
kidney extracts of horse and pig, and with pancreatin (Parke 
Davis, Mulford) and dried pig kidney prepared by mincing and 
repeated treatment with acetone and ether. Muscle glyoxalase 
is also inhibited by these various preparations. 


Determination of Antiglyoxalase Activity 


The following procedure has been adopted for obtaining an esti- 
mate of the quantity of inhibitor present in a given preparation. 
A yeast control is set up by determining the glyoxalase activity 
(c.mm. of CO, formed in 20 minutes at 25°) of a reaction mixture 
containing 0.5 cc. of a 20 per cent suspension of washed acetone- 
yeast, 0.4 cc. of 0.2 m sodium bicarbonate, 2 mg. of methylglyoxal, 
and 0.1 mg. of glutathione (side arm), in a total volume of 2 ce. 
After temperature equilibration and saturation of the reaction 
mixture with 5 per cent CO, in nitrogen, the contents of the side 
arm are tipped into the main chamber of the reaction vessel. The 
manometer stop-cock is now opened for exactly 2 minutes, then 
closed again, and the amount of CO, formed in 20 minutes is deter- 
mined. Simultaneously a yeast blank is determined in the same 
manner, but in the absence of glutathione. The difference be- 
tween the values obtained represents the yeast control (100 per 
cent activity). 

For determining inhibiting power, a known volume of the in- 
hibitor solution is added to a similar reaction mixture (glutathione 
in side arm) and the glyoxalase activity determined as before. 
At the same time an inhibitor blank is determined in the absence 
of acetone-yeast. The observed activity (c.mm. of CO, in 20 
minutes) minus the yeast and inhibitor blanks represents the true 
glyoxalase activity of the mixture containing the inhibitor. The 
results are expressed as per cent of the control glyoxalase activity. 
It has been found that a linear relation exists between the log- 
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arithm of the observed glyoxalase activity (expressed as per cent 
of the control activity) and the quantity of inhibitor present. 
Fig. 3 shows this relation in the case of pancreatin and rabbit 
kidney. Due probably to inaccuracies involved in the method of 
measurement, the linearity does not always hold exactly when the 
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Fig. 3. Relation between glyoxalase activity and amount of antigly- 
oxalase present. Curve A, pancreatin (10 per cent suspension); Curve B, 
rabbit kidney (2 per cent suspension, acetone-ether-dried). 


degree of inhibition is either very large or very small. Analy- 
tically, the relation is expressed by the equation log A = 2 — cM 
where A is the observed glyoxalase activity (expressed as per cent 
of the control activity), M is the amount of inhibitor preparation 
added, and c is an empirical constant. For comparative purposes, 
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we may express the inhibiting power of various preparations in 
terms of the amount necessary to produce a definite reduction in 
glyoxalase activity. On this basis we define unit quantity of 
antiglyoxalase as that amount which results in a 50 per cent re- 
duction in activity under the prescribed conditions. Experi- 
mentally, an amount of inhibitor preparation is used to produce 
a glyoxalase activity between 30 and 70 per cent of that of the 
control, and Ms, the amount containing 1 unit of antiglyoxalase, 
is calculated by means of the equation Msp = 0.3 M/(2 — log A) 
where M and A are the experimental quantities. 

No extended study has as yet been made of the quantitative 
occurrence of antiglyoxalase in kidney and pancreas of various 








TaBLeE I 
Antiglyoxalase Activity of Kidney and Pancreas Preparations 
, Antigiyoxalase 
Tissue per gm. 
tissue (dry weight) 

units 

ici twee ibkt on chbhains beaabe i 40 
Pig kidney (acetone-ether-dried)................0...0000- 136 
Oe IID x one cckeiccesnecncssennesn 56 
“ kidney = RN EE ee ee ee 160 
Horse pancreas (fresh extract)..................00eeeeeee 19 
“ kidney medulla (fresh extract).................... 76 

ia “ cortex - Pt ieeaanw silica tiwes ees 186 
Rabbit kidney (fresh extract)..................0ccseeeees 304 
ey ES SE NN ns ckccetsccnesedocekowsscws 980 








animals. Some of our results to date are presented in Table I. 
The values are expressed as units of antiglyoxalase per gm. of 
tissue extracted (dry weight, calculated as 20 per cent of the wet 
weight). In the case of pancreatin and acetone-ether-dried kid- 
ney, aqueous suspensions were used. Acetone-ether treatment 
apparently diminishes the inhibiting power. 


Mechanism of Antiglyoxalase Action 


Kidney—Although no estimations of substrate losses were made, 
it is quite improbable that reaction between methylglyoxal and 
amino groups plays any significant part in the inhibition. For 
example, the kidney extract used in the experiment illustrated in 
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Fig. 1 gave a blank CO, evolution of only 8 c.mm. in 20 minutes, 
with methylglyoxal and bicarbonate (0.4 cc. of 1:5 kidney extract). 
Since any reaction of methylglyoxal with amino groups would lead 
to an increase in acidity, and therefore to CO, evolution, it is 
obvious that such a reaction has not occurred to any appreciable 
extent. Blanks obtained with pancreas extracts are slightly 
higher, but still not enough to account for any significant loss of 
methylglyoxal. 

A number of experiments were carried out to determine whether 
the kidney inhibitor exerts its effect on the enzyme itself, or on the 
coenzyme glutathione. Varying amounts of 1:5 rabbit kidney 
extract were added to constant amounts of active rabbit liver 
extract, the mixtures being made up to the saine final volume with 
water and allowed to stand at 5°. This temperature was chosen 
to minimize losses of glyoxalase activity which occur when the 
enzyme stands for long periods at higher temperatures. At in- 
tervals, portions were removed (corresponding to 0.4 cc. of liver 
extract) and the glyoxalase activity determined without added 
glutathione. Simultaneously, glutathione analyses were made on 
separate portions of the reaction mixtures after removal of protein 
with an equal volume of 4 per cent sulfosalicylic acid. It was 
found that glutathione losses occurring during the incubation of 
the reaction mixtures could not be aceurately followed by the 
usual iodometric methods because of the formation of considerable 
amounts of other iodine-consuming substances. A manometric 
method, described in detail in the preceding paper (13), was there- 
fore used. The method depends upon the measurement of the 
specific activating effect of glutathione on a constant amount of 
acetone-yeast glyoxalase. 

The results are given in Tabie II in terms of per cent loss of 
glyoxalase activity and of glutathione with time, as compared to 
the liver control. This liver control value represents the glyoxa- 
lase activity and glutathione content of 0.4 cc. of liver extract (no 
kidney present), as determined at the time the incubation mix- 
tures of liver plus kidney were set up. As will be seen from Table 
II, the glyoxalase activity of liver extract, incubated at 5°, de- 
creases considerably with time, but not to the same extent as that 
of the liver plus kidney mixtures. For low concentrations of 
glutathione, such as were present in the liver extract used, the 
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glyoxalase activation is very nearly directly proportional to the 
glutathione concentration. If the inhibitor acts only on the gluta- 
thione, the per cent loss of the latter should agree closely with the 
per cent activity loss. Inspection of Table II shows that such 
agreement does in fact exist. At first glance it would appear that 
this agreement might be due to equal inhibiting effects of a non- 
protein kidney extractive on the glyoxalases of liver and acetone- 
yeast, the glutathione determination depending, as it does, on the 
degree of activation of acetone-yeast glyoxalase produced by the 
deproteinized reaction mixtures. This possibility is, however, 
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Relation between Loss of Glutathione and Inhibition of Liver Glyozalase 
Activity by Kidney Extract 








Kidney oxtract pet 100 ce. | ‘Time of incubation | 188 of glyoxalase | 1 oss of glutathione 

ce. hrs. per cent per cent 
0 (Liver control) 2.5 17.4 19.1 
4.5 38.6 38.2 

1.56 0 24.2 
2.5 59.2 50.0 
4.5 79.7 78.0 

0.78 0 13.1 
2.5 35.8 33.8 
4.5 56.2 57.4 

0.39 0 6.0 
2.5 26.3 2.3 
4.5 47.8 53.0 














ruled out by the fact that the sulfosalicylic acid treatment com- 
pletely removes the antiglyoxalase from solution, while all the 
glutathione passes into the filtrate. As previously pointed out, 
neither can losses in substrate account for the inhibiting effects 
observed. It therefore appears probable that the antiglyoxalase 
exerts its effect only on the glutathione. This assumption is sup- 
ported by the following experiments. 

Table III shows that kidney antiglyoxalase has no effect on the 
enzyme itself. Glutathione-free liver extract (prepared by oxy- 
genation of fresh extract) was allowed to stand at 5° with varying 
amounts of 1:5 rabbit kidney extract. At intervals portions 
corresponding to 0.4 cc. of liver extract were removed and the 
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glyoxalase activity determined in the presence of 0.25 mg. of added 
glutathione. The results are expressed as per cent loss of glyoxa- 
lase activity compared to the liver control without inhibitor. As 
shown by the values for 0 time of incubation, considerable inhibi- 
tion occurs during the 20 minutes required to make the determina- 
tion. Further incubation, however, does not increase the amount 
of inhibition obtained. This indicates clearly that the effect of 
the inhibitor is not on the enzyme. 

When glutathione-containing liver extract or acetone-yeast is 
incubated with kidney extract until the glyoxalase becomes in- 
active, the latter may be reactivated by addition of pure gluta- 
thione. As is the case in the experiment recorded in Table III, 
the original glyoxalase activity is not completely restored by the 











Tasie III 
Effect of Kidney Antiglyoxalase on Glutathione-Free Glyoxalase 
Loss of glyoxalase activity 
Time of incubation 
Sample A Sample B Sample C 
hrs. per cent per cent per cent 

0 63.4 42.0 18.5 

4 63.9 41.5 16.0 

22 61.0 37.3 18.3 








Samples A, B, and C contained respectively 1.0, 0.5, and 0.25 ec. of 1:5 
kidney extract per cc. of liver extract. 


addition of the quantity of glutathione originally present. This 
is to be expected, since the antiglyoxalase still present will at once 
begin to react with the glutathione added, thus decreasing the 
activating effect of the latter. 

Table IV shows that the per cent inhibition of glyoxalase activity 
by kidney extract is independent of the quantity of enzyme pres- 
ent, provided that constant amounts of glutathione and inhibitor 
are used. Such a result is to be expected if the inhibitor acts on 
the glutathione alone. Increasing amounts of a 10 per cent sus- 
pension of glutathione-free acetone-yeast were treated with 0.2 
ec. of a 1:40 rat kidney extract. The glyoxalase activity was 
determined immediately, 0.1 mg. of pure glutathione being added 
from the side arm, all other conditions being the same as previously 


described. 











22 Glyoxalase. IV 


That the reaction between glutathione and kidney antiglyoxa- 
lase does not involve the —SH group is indicated by the results 
shown in Table V. Pure glutathione (10 mg.) was incubated at 
5° with the indicated amounts of acetone-ether-dried pig kidney, 
in a total volume of 10 cc. At intervals, portions were removed 
and deproteinized with an equal volume of 4 per cent sulfosalicylic 





























TaBLE IV 
Effect of Enzyme Concentration on Antiglyozalase Action 
CO; in 20 min. Glyoxalase 
Washed acetone-yeast activity compared 
Control Plus kidney to content 
ce, c.mm. c.mm.,. per cent 
0.25 54 43 80 
0.50 97 82 84 
0.75 145 119 82 
1.0 179 147 82 
TABLE V 
Action of Kidney Antiglyoralase on Pure Glutathione 
Dried kidney Time of incubation Loss aaa Iodate titration* 
mg. hrs. per cent ce. 
250 1 47.7 1.67 
5 63.8 1.69 
24 100.0 1.62 
125 1 33.5 1.68 
5 45.9 1.75 
24 71.2 1.75 
62.5 1 24.3 1.70 
5 26.8 1.64 
24 40.2 1.75 














*The value for the glutathione originally present was 1.70 cc. of 0.001 N 
iodate. 


acid. 1.0 cc. of the filtrate (corresponding to 0.5 mg. of the 
original glutathione) was titrated for sulfhydryl by the iodate 
procedure of Woodward and Fry (14). 0.2 cc. of the sulfosalicylic 
acid filtrate (corresponding to 0.1 mg. of the original glutathione) 
was added to 0.4 cc. of 10 per cent washed acetone-yeast, and the 
glyoxalase activation determined in the usual manner. Simul- 
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taneously, a control activation was run, the same amount of en- 
zyme and 0.1 mg. of pure glutathione being used. The results 
show not only that kidney antiglyoxalase acts on pure glutathione 
so that the latter loses its ability to activate glyoxalase, but also 
that no loss of titratable —SH occurs. The effect must be on 
some other part of the molecule. 

Similar results were obtained when fresh kidney extracts were 
incubated with pure glutathione, the latter being determined by 
Mason’s (15) method. Thus when 5 mg. of glutathione were 
allowed to stand for 10 minutes at room temperature with 10 cc. 
of 1:5 rat kidney extract in a total volume of 25 cc., no loss of 
sulfhydryl had occurred (found, 9 per cent above theoretical). 
Yet when a portion of the incubation mixture was deproteinized 
with sulfosalicylic acid (this treatment removes the antiglyoxa- 
lase), it was found that the resulting filtrate had lost completely 
its ability to activate glutathione-free glyoxalase. 

These results are of interest with regard to the question of the 
mechanism of glyoxalase activation by glutathione. In a previous 
paper (12) evidence was presented that the glutathione molecule 
combines with methylglyoxal through the sulfhydryl group, the 
resulting complex then acting as the true substrate for the enzyme. 
The data just presented show that kidney antiglyoxalase inacti- 
vates glutathione at some other point than at the —SH group. 
It follows that there exist in the glutathione molecule at least 
two active centers which are essential for glyoxalase activation. 
This idea is in harmony with the fact that no sulfhydryl compound 
besides glutathione is known which has any activating effect on 
glyoxalase. 

Pancreas—Following the general procedure used in the work 
with kidney, it has been found that the antiglyoxalase effect of 
pancreas preparations is somewhat more complicated than that of 
kidney, and that probably two factors are involved. The chief 
evidence for this belief is presented in Table VI, which shows the 
relation between loss of glutathione and loss of glyoxalase activity 
with time, in reaction mixtures containing liver glyoxalase and 
fresh pig pancreas extracts. Except for the substitution of pan- 
creas for kidney extract, this experiment is identical with that re- 
corded in Table II. The results are expressed as per cent loss of 
glutathione (manometric) and of glyoxalase activity, based on the 





| 
} 
{ 








24 Glyoxalase. IV 


values for the original liver control in the absence of inhibitor. 
As in the case of the kidney experiment (Table II) this liver con- 
trol represents the glyoxalase activity and glutathione content of 
0.4 cc. of liver extract (no pancreas present) as determined at the 
time the incubation mixtures of liver plus pancreas were set up. 
Included also is a calculation of the per cent loss of glyoxalase 
activity based on the liver plus pancreas control. This control 
represents the glyoxalase activity (c.mm. of CO, in 20 minutes) 
of the liver plus pancreas reaction mixtures as determined imme- 
diately after mixing, but before incubation. This value will be 


TaBLeE VI 


Relation between Loss of Glutathione and Inhibition of Liver Glyoralase by 
Pig Pancreas Extract 





Glyoxalase activity loss based on 











Volume of 
pancreas extract : Time of L. Loss of GSH 
nas ss an ' = Liver control wale a 
ce. hrs. per cent per cent per cent 
1.0 0 69.8 
3 44.2 80.7 35.8 
5 59.0 86.9 53.1 
0.5 0 50.3 
3 29.5 64.2 28.3 
5 44.2 70.6 40.8 
0.25 0 36.2 
3 21.0 48.6 19.7 
5 31.1 54.6 28.7 

















smaller than that of the liver control because of the inhibition of 
glyoxalase activity produced by the antiglyoxalase during the 20 
minutes required to make the determination. 

It will be seen from Table VI that the glyoxalase activity losses, 
based on the original liver control, are invariably much higher 
than are the corresponding glutathione losses. However, the 
latter agree quite closely with the activity losses which are calcu- 
lated from the values for the liver plus pancreas controls deter- 
mined immediately after mixing the enzyme and inhibitor solu- 
tions. Similar results were obtained with pancreatin. These 
findings indicate that pancreas preparations probably contain 
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two antiglyoxalase factors, one of which acts on the glutathione 
as does kidney antiglyoxalase, and a second, which exerts an 
immediate inhibiting effect on the enzyme itself. Pancreas, in 
contrast to kidney, produces a very high immediate inhibition 
which then increases slowly. Thus 1.0 cc. of pancreas extract 
produced an immediate inhibition of 69.8 per cent (Table VI) 
which increased to 86.9 per centin 5 hours. But 1.56 cc. of kidney 
extract produced an immediate inhibition of only 24.2 per cent 
(Table II) which however increased to 79.7 per cent in 5 hours. 
It will be observed that much larger amounts of pancreas, than of 
kidney, must be used to obtain the same degree of inhibition. It 
is quite possible that we are not dealing here with a specific in- 
hibiting factor acting on the enzyme, but that the large quantity 
of protein which is introduced with the pancreas preparation inter- 
feres in some physical manner with the enzyme reaction. 

Despite the evidence just presented, we have thus far not been 
able to demonstrate directly the presence in pancreas of an in- 
hibiting factor acting on the enzyme. As with kidney, the inhibi- 
tion produced by pancreas is independent of the amount of enzyme 
present, provided constant amounts of inhibitor and glutathione 
are present. Likewise when glutathione-free enzyme is incubated 
with pancreas extract, and the glyoxalase activity with added 
glutathione determined at intervals, there is no increase in inhibi- 
tion up to 22 hours (compare Table III which shows the same effect 
for kidney). It is evident that if a second factor, acting on the 
enzyme, is present in pancreas, its total effect must have been 
exerted within the 20 minutes required to make the immediate 
glyoxalase activity determination. It appears certain that most 
of the inhibition obtained with pancreas after the first 20 minute 
period is due to an antiglyoxalase which resembles that of kidney 
in acting on glutathione. 

That this latter factor in pancreas exerts its effect on some other 
part of the glutathione molecule than on the sulfhydryl group is 
shown by Table VII. Reaction mixtures were prepared contain- 
ing the indicated amounts of pancreatin per 0.1 mg. of pure gluta- 
thione. The mixtures were incubated at 5° and at intervals por- 
tions were removed and deproteinized with sulfosalicylic acid. 
One portion of the filtrate was titrated for sulfhydryl with iodate, 
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while a second portion was added to glutathione-free acetone-yeast 
and the activating effect determined exactly as described for kid- 
ney (Table V). The deproteinization removes both inhibiting 
factors present in pancreas. 

These results show that pancreatin acts on pure glutathione, 
destroying its ability to activate glyoxalase. Girsavicius had 
previously found no effect of pancreatin on pure glutathione except 
in the presence of fresh tissue extracts. Although the results are 
not as clear cut as with dried kidney, they do definitely indicate 
that, as with kidney, most of the destructive effect on glutathione 
does not involve action on the sulfhydryl group. Only small 








TasBie VII 
Action of Pancreatin on Pure Glutathione 
me OY mg. Time of incubation Loss a Loss of sulfhydryl 

mg. hrs. per cent per cent 

12.5 4 30.8 7.3 

24 71.3 17.7 

6.25 4 17.8 5.5 

24 44.6 8.6 

3.13 4 14.0 0.0 

24 22.7 4.8 














losses in sulfhydryl, due probably to autoxidation, occur compared 
to the losses in activating effect. 


SUMMARY 


1. Kidney tissue of rat, rabbit, pig, and horse contains a power- 
ful inhibitor of the enzyme glyoxalase. A method is described 
for measuring the quantity of inhibitor present. 

2. The inhibition produced increases with time. The inhibitor 
exerts its effect by destroying the coenzyme glutathione, the en- 
zyme itself being unaffected. The action on glutathione does not 
involve destruction of the sulfhydryl group. 

3. Evidence is presented that the antiglyoxalase effect of pan- 
creas may be due to two factors, one of which acts on the enzyme, 
and a second which resembles the kidney inhibitor in acting on the 
glutathione but not on the sulfhydryl group. 
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The feeding of cod liver oil to a lactating cow is followed by a 
reduction of the fat percentage in the milk. Golding ef al. (1), who 
described this effect, found the fat was decreased by about 30 per 
cent. Results from several other laboratories have confirmed this 
original observation (2, 3). The phenomenon is so consistent, 
and the decrease in fat percentage is so large, that few animals need 
be employed in such studies. Golding and Zilva (4) found that a 
daily feeding of more than 56 gm. of cod liver oil per cow was 
necessary to produce either a lowering of the fat per cent or an 
increase in the fat-soluble vitamins of the milk. 

Nothing is known concerning the fractions of cod liver oil that 
are responsible for this interference in fat secretion except that 
Golding (5) reported that the non-saponifiable fraction from 
the oil caused no lowering of the milk fat. The changes that 
take place within the body: that may lead to this decrease in the 
secretion of milk fat are also unknown. In an earlier report the 
muscular degeneration that accompanies the feeding of cod liver 
oil to herbivora was described by us (6). The non-saponifiable 
fraction of the cod liver oil proved much less effective in producing 
the lesions than the entire oil. This suggested the possibility 
that the toxic agent here involved and that affecting fat percentage 
might be similar, or at least that they occurred in the triglyceride 
fraction in both cases. 

The purpose of the present study was to determine first if the 
29 
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chemical composition of the blood is changed in any way that may 
afford clues to the pathological changes induced by feeding cod 
liver oil. In the second place it was desired to detect any differ- 
ences between the mammary and jugular blood samples during 
the oil feeding in contrast to the periods without oil. A third pur- 
pose was to test some other fish oils to determine if all exercise 
this unfavorable influence upon fat secretion. In the fourth 
place it was of interest to determine which fraction of cod liver 
oil carried the toxic agent. Finally, it was desired to learn if this 
effect of cod liver oil upon the composition of milk could be counter- 
acted by feeding fresh green grass, since we had already observed 
that larger amounts of cod liver oil were required to develop heart 
lesions in goats upon pasture than in those fed synthetic diets. 

Preliminary Experiment—Two Holstein cows producing 13 to 
14 kilos of milk daily were selected for preliminary trials to deter- 
mine the effect of cod liver oil feeding upon the composition of 
blood and milk. Samples of blood were taken from both the 
mammary and jugular veins at weekly intervals during a period of 
4 weeks while the cows were fed the usual herd ration. During 
the next 4 weeks each cow was fed the same ration plus 168 ce. 
of cod liver oil daily. Blood samples were taken at weekly inter- 
vals again. 

The blood was centrifuged and the plasma used for the deter- 
mination of inorganic phosphorus (7), lipoid phosphorus (8), total 
fatty acids (9), iodine number of the plasma lipids (10), and reduc- 
ing value (11). Aliquots of milk were taken at each milking and 
pooled weekly for the determination of fat. 

The blood sugar ranged in value from 35 to 65 mg. during the 
period without oil and from 37 to 56 during the 4 weeks with oil. 
Likewise the values for lipoid P and inorganic P showed no changes 
from normal as a resu!t of the cod liver oil feeding. The total 
lipids in the case of one cow varied from 446 to 585 mg. and in the 
other from 616 to 869 mg., with no change during the oil feeding 
period. The iodine numbers of the plasma lipids ranged from 84 
to 98 during the period without oil and from 101 to 116 during the 
cod liver oil feeding. The increase in the iodine number of these 
blood lipids occurred the 1st week of the oil feeding. The fat per 
cent of the milk dropped the 1st week of oil feeding but did not 
attain the minimum value until the 2nd week. 
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The high iodine numbers of the blood lipids during the oil feed- 
ing period indicated the more unsaturated character of the circu- 
lating lipids which were absorbed from the oil. We have made 
similar observations on goats (unpublished). 

The total plasma lipids, the sugar, and the lipoid phosphorus 
values were consistently higher in the jugular than in the mam- 
mary vein. The inorganic phosphorus values showed no consist- 
ent change, contrary to the observation of Meigs et al. (12) that 
this constituent is higher in mammary blood. The present as 
well as our earlier findings indicate that the lipoid phosphorus 
rises and falls in bovine blood in quite a constant relation to the 
total lipids. 

The rapid drop of the fat percentage of the milk even in the Ist 
week after feeding cod liver oil, and the attainment of the mini- 
mum values the 2nd week, indicated that a period of 2 weeks 
afforded an adequate time for observing the effect of such oils. 
In the present case the milk collections were continued for 2 weeks 
after the oil feeding ceased. The fat percentage of the milk was 
back to normal the 2nd week. 

Second Experiment—Five cows of moderate production were 
used in the second experiment. These consisted of three Jerseys 
(Cows J-1, J-2, J-3), one Holstein (Cow H), and one Guernsey 
(Cow G). These cows were used in two groups, started at different 
times. On the basis of the preceding experiment alternate test 
periods of 2 weeks were employed. The oil was fed daily in addi- 
tion to the herd ration of grain, hay, and silage for 2 weeks, after 
which the cows were allowed to recover for 2 weeks upon the herd 
ration alone before another oil feeding period started. 

The order of feeding the oils is shown in Fig. 1. During the oil 
feeding periods 168 cc. of the oil were fed daily by mixing it with a 
small amount of molasses and mixing this with the silage fed the 
cows each day. One cow refused to eat the feed with the cod liver 
oil and this cow was fed by drenching. The cows were weighed 
regularly but made no significant changes in weight in the course 
of these experiments. 

Shark liver oils from two sources were employed. One was a 
mixed sample provided through the courtesy of Mr. R. P. Nichols. 
It was a mixture from various shark species captured at Key West 
such as sawfish, nurse, and hammerhead. Before this experiment 
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these samples were all assayed in our laboratory individually, 
according to species, and found to be as rich in vitamin A as the 
better grades of cod liver oil. Another sample of shark liver oil 
was rendered for us at Jacksonville through the courtesy of F. P. 


J-l 





J2-- 


Fat Fer Cent in Milk 


OH 


CLO. rk 


me in Weeks 4 Whe. 
Fig. 1. The effect of feeding oils upon the fat per cent in the milk. The 
thin broken lines show the mean variations in the fat per cent of normally 
fed Jersey and Holstein cows during the same period. 


Roumillat. The Key West sample was used in the case of Group 
I and that from Jacksonville for Group II. 

» The animal grade of cod liver oil produced by the E. L. Patch 
Company was used in all trials. The cod liver oil fractions fed 
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to Group I during the 11th to 12th and 15th to 16th weeks were 
prepared by saponification of 8 kilos of cod liver with alcoholic 
potassium hydroxide in the usual manner. The non-saponifiable 
fraction was removed by six extractions with ethyl ether. The 
fatty acids were extracted with ether after acidification of the 
soaps with hydrochloric acid. After being washed with water the 
fatty acids were fed as such, while the non-saponifiable fraction 
was diluted with Wesson oil until it equalled the original volume 
of the cod liver oil. The salmon oil was a product from the Alaska 
Packers Corporation, Alameda, California. 

At the beginning of the 17th week the cows were turned to 
pasture. The final oil feeding period of the 19th and 20th weeks 
was included to determine if fresh, green material tended to coun- 
teract the adverse effects of fish oils. 

Samples of blood were taken simultaneously from the mammary 
and jugular veins of each cow of Group I on the last day of each 
week. Porcher and Maynard (13) found that the time of day at 
which blood samples of cows were taken made no difference in 
regard to the lipid level. However, we followed the practice 
of sampling on alternate weeks at 8 a.m. following the morn- 
ing, and at 11 a.m. preceding the noon milking. The cows in 
Group I proved to be unusually docile and did not fight the inser- 
tion of needles into the two veins simultaneously by different 
workers. In the present study the plasma was used for the deter- 
mination of non-protein nitrogen, total lipids, lipoid phosphorus, 
and inorganic phosphorus, as well as true glucose and total reduc- 
tion. For the last two determinations the procedure of Somogyi 
(14) was followed. These blood samples were taken for the first 
14 weeks. No blood studies were made on Group II. 

Milk samples were taken on all cows at each milking. Aliquots 
were pooled at weekly intervals. The per cent of fat was deter- 
mined by both the Babcock and Roese-Gottlieb methods. The 
iodine number of the milk fat was determined by the Hanus 
method. The lipoid phosphorus of milk was determined by the 
same method used for that of blood plasma except that both hydro- 
gen peroxide and perchloric acid were used for the oxidation. 

The changes in the fat percentage of the milk during the entire 
period for all five cows are shown in Fig. 1. In every case cod 
liver oil lowers this percentage. To show that these changes are 
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not fortuitous, twp curves for comparison are included in thin 
broken lines. One of these is based upon the mean fat per cent 
in the milk of ten Holstein cows from the same herd during the 
same period. The other is a similar curve for ten Jerseys. 

In no case was there a lowering of the fat percentage as a result 
of feeding the non-saponifiable fraction, but in two of the three 
cases the fatty acids of cod liver oil produced the same drop as the 
original cod liver oil. The effect of feeding salmon oil and shark 
liver oil upon the milk fat per cent is questionable. If these oils 
have any effect it is slight compared to cod liver oil and also less 
consistent. There is no evidence that the feeding of pasture grass 
is able to counteract this effect of cod liver oil. 

In all cases milk yield followed a normal course and thus the 
fat yield reflected the changes in fat percentage. The ingestion 
of the oils in all cases caused a rise in the iodine number of the milk 
fat. This rise was greatest during the pasture period. 

The lipoid phosphorus was determined in each of the weekly 
milk samples. In the course of 20 weeks these milk lipoid P values 
in terms of mg. per 100 cc. varied as follows for the different cows: 
6.9 to 9.2 for Cow J-1, 6.2 to 8.2 for Cow J-2, 4.9 to 8.7 for Cow 
J-3, 5.4 to 10.0 for Cow H, and 5.3 to 9.1 for Cow G. A compari- 
son of these data with those for fat percentage in Fig. 1 indicated 
that the lipoid phosphorus of the milk did not fluctuate with the 
total lipids. Furthermore, no consistent relation could be traced 
between the feeding of cod liver oil and this constituent of the milk. 
The breed of cow seems to make no difference in the amount of 
lipoid phosphorus that is secreted, although our data are much too 
meager to serve as more than an indication. A spot diagram, in- 
volving about 90 values for each component, as well as graphs, 
indicated no correlation between the fat percentage of milk and 
the lipoid phosphorus. Holm et al. (15) found about the same 
amount of phospholipids in three different samples of milk ranging 
in fat from 2.5 to 4.3 per cent. The phospholipids of the milk are 
much less in relation to the total lipids than they are in the blood 
although the amount per unit volume is not very different in the 
two cases. 

In the three cows studied the true glucose of the jugular blood in 
mg. per 100 cc. proved to be 34.4 + 1.3, 30.7 + 1.0, and 36.6 + 
2.1, while the values for the mammary blood were 27.9 + 1.4, 
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25.3 + 0.8, and 31.2 + 1.2, respectively. The other reducing sub- 
stances of the blood in the same cases were for the jugular 31.5 + 
0.75, 32.1 + 1.0, and 32.0 + 2.4. For the mammary they were 
32.9 + 2.1, 30.1 + 1.4, and 30.1 + 1.7, respectively. In each 
case these mean values were based upon fourteen samples of blood 
taken at weekly intervals as described previously. These data 
indicate clearly that the mammary gland removes true glucose 
from the blood. If any of the other reducing substances are re- 
moved the amount is too small to be detected with certainty from 
these data. These findings accord with those of Blackwood and 
Stirling (16). 

The mean values in mg. per 100 cc. for the total plasma lipids of 
the mammary blood were 453.1 + 5.8, 490.8 + 6.2, and 586.7 + 5.1, 
while those for the jugular samples were 470.9 + 4.7, 506.2 + 4.0, 
and 602.3 + 6.3, respectively. The corresponding mean values 
for the lipoid P were 8.36 + 0.13, 9.0 + 0.12, and 8.88 + 0.37 for 
the mammary, and 8.70 + 0.12, 9.14 + 0.14, and 9.54 + 0.41 
for the jugular plasma. The total lipids of the mammary plasma 
are significantly lower than those of the jugular blood. The lipoid 
phosphorus values for the mammary blood are also lower, but the 
differences are not significant, statistically. Blackwood and 
Stirling (17) have recently shown that the lipoid phosphorus is 
somewhat lower in mammary than in jugular blood for both dry 
and lactating cows, but not lower than in arterial blood which 
may be considered more representative of the supply to the gland. 

The mean values in mg. per 100 cc. for the inorganic P of the 
mammary plasma samples were 6.06 + 0.23, 5.60 + 0.11, and 
6.25 + 0.16, while those for the jugular were 6.26 + 0.32, 5.36 
+ 0.11, and 6.05 + 0.59, respectively. These values were ob- 
tained from weekly samples taken for 14 consecutive weeks. 

As is shown by these data, no significant differences were found 
in the inorganic phosphorus of the mammary and jugular samples, 
contrary to the finding of Meigs and coworkers (12). The data 
reveal no relationships between the amounts of the blood lipids 
or the P values and the periods of ingestion of the fish oils. This 
indicates that cod liver oil exerts its effect directly on the mammary 
gland, rather than indirectly by alterations in the composition 
of the blood. Thus we have no clues at the present time concern- 
ing possible changes that occur in animals prior to the onset of the 
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pathological conditions of the muscles, liver and kidneys, and 
other organs, which develop when cod liver oil is fed for a period of 
weeks, 


SUMMARY | 


Five cows were fed cod liver oil, shark liver oil, and salmon oil 
for periods of 2 weeks with periods without oil between. The 
composition of both the blood and milk was studied in the case of 
three of the cows and the milk only in the other two. The usual 
lowering of the milk fat as a result of the cod liver oil feeding was 
observed, but the effect of the other two oils was so much less and 
so inconsistent that it is questionable whether they act like cod 
liver oil. The non-saponifiable fraction of cod liver oil has no 
effect upon the milk fat, while the triglycerides seem to carry the 
injurious fraction. This suggests the possibility that the fraction 
responsible for the production of muscle lesions in herbivora, when 
cod liver oil is fed, may be the same as that which depresses fat 
secretion. 

Blood samples were taken simultaneously from the mammary 
and jugular veins, at weekly intervals. No relation was found 
between the oil feeding and the composition of the blood other 
than the increase in the iodine number of the plasma lipids which 
was studied in only the preliminary trials. These data indicate 
that the mammary gland takes true glucose from the blood rather 
than other reducing substances. Furthermore, the total lipids of 
the mammary plasma were consistently lower than those from the 
jugular, suggesting that the gland removes lipids in some form 
from the blood. However, neither the lipoid phosphorus nor the 
inorganic phosphorus values of the plasma furnished any evidence 
in support of the theory that phospholipids are the blood precursor 
of milk fat. 

The feeding of pasture grass to cows does not counteract the 
effect of cod liver oil in lowering fat percentage. During the pas- 
ture feeding the iodine number of the milk fats attains its highest 
value if the fish oils are fed in addition to pasture grass. 
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Glutamine, the amide of glutamic acid, although widely dis- 
tributed in nature, is a rare and relatively little known substance. 
Its significance in plant physiology is, however, equally as great 
as that of the well known lower homologue asparagine, but the 
difficulty of obtaining supplies of the substance has greatly in- 
terfered with investigations of its properties. 

Interest in glutamine as a plant constituent has been stimulated 
recently by the publication by Chibnall and Westall (1) of an in- 
direct method to determine it in plant tissues. Greenhill and 
Chibnall (2) have found it to be produced in such quantities by 
perennial rye-grass, when this is heavily fertilized with ammonium 
sulfate, that an exudate which dries on the upper parts of the leaf 
blades consists largely of crystalline glutamine. The tomato plant 
also has been observed in this laboratory (3) to store large quanti- 
ties of glutamine under analogous conditions. We have accord- 
ingly studied the method of preparation of this substance with 
the view to rendering it more readily available. 

A survey of the literature suggested that the most suitable 
tissue to employ for the preparation of glutamine in quantity is 
the root of the common beet (Beta vulgaris). The method of 
preparation originally described by Schulze and Bosshard (4) is, 
in outline, extremely simple and can hardly be improved upon; the 
modifications suggested below have chiefly to do with the applica- 
tion of modern apparatus and technique. 

From 5 to 6 kilos of trimmed and washed beet roots are ground 
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in a meat chopper and the pulp is pressed at the hydraulic press. 
The residue, enveloped in a bag of cheese-cloth, is suspended in 
ether for half an hour in order to cytolyze the cells (5), is then 
again pressed, and washed twice with a small volume of water, 
being pressed each time. If desired, an aliquot may be removed 
for determination of the glutamine content by the indirect method, 
and the extract (about 8 liters) is then treated with a small excess 
(about 500 cc.) of basic lead acetate reagent (6), and the precipi- 
tate is removed and washed twice at the centrifuge. The pale 
yellow solution is finally filtered perfectly clear through a pad of 
paper pulp. A small excess (500 to 600 cc.) of mercuric nitrate 
reagent! is added (a drop of reagent added to a 10 cc. sample of 
centrifuged fluid should produce no turbidity in 5 minutes) and 
the solution is neutralized to litmus paper by the addition of 10 
per cent sodium hydroxide solution (300 to 400 cc.). The white 
precipitate settles promptly, and it is usually convenient to allow 
the preparation to stand overnight at this point; the mother 
liquor may then be siphoned off and the precipitate washed twice 
by decantation, otherwise it is necessary to wash it by centrifuga- 
tion. 

The precipitate is collected at the centrifuge, suspended in 
about 3 liters of water in a filter flask, and 2 cc. of 10 per cent (by 
volume) sulfuric acid are added. It is then decomposed by hydro- 
gen sulfide delivered under slight pressure with constant agitation 
(machine), and the mercuric sulfide is centrifuged off and washed 
twice with water. The colorless solution is distributed between 
two 5 liter ring-necked flasks, and is concentrated in vacuo, with 
use of still heads equipped with vapor coolers (7), at a water bath 
temperature of 60°? for about 20 minutes in order to remove the 
hydrogen sulfide, and is then neutralized to litmus paper with 
ammonium hydroxide.* Concentration in vacuo at 60° bath tem- 

1To 160 cc. of concentrated nitric acid add 220 gm. of mercuric oxide 
slowly with stirring, then add 160 cc. of water and boil gently with reflux 
for 3 to 4 hours or until the oxide is dissolved, cool and add sufficient N 
sodium hydroxide (approximately 250 cc.) to produce a very faint opal- 


escence, dilute to 1000 cc. and filter, and preserve in a dark bottle. 
2 Glutamine is rapidly hydrolyzed in water solution at higher tempera- 


tures. 
3 The use of ammonia is necessary; in our experience glutamine will not 
crystallize from mother liquors neutralized with magnesium, sodium, or 


lithium hydroxides. 
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perature is then continued until the total volume has been reduced 
to about 800 cc. The solution is then filtered through a layer of 
paper pulp to remove traces of mercuric sulfide, and vacuum con- 
centration is continued in a 1 liter ring-necked flask until a thick 
sludge of glutamine crystals has separated. The flask is removed 
from the still, the air inlet tube is washed with a few cc. of hot 
water (60°), and the contents of the flask are warmed to 60°; this 
should not redissolve all the glutamine. The volume of fluid is 
roughly estimated, and twice this volume of alcohol is slowly 
added with agitation. After being chilled overnight, the crystals 
are filtered off, washed twice with 80 per cent alcohol, and then 
with absolute alcohol and, if the weight is desired, are dried in 
vacuo over sulfuric acid. For recrystallization the crystals are 








TaB.e I 
Glutamine Prepared from Beets 
Glutamine in 
extract (indirect | Crude crystals Recrystallized Yield N content 
analysis) 

gm. a gm. oat. fresh | gm. on te. Sresh per cent per cont 
1.937 1.832 1.583 81.8 18.6 
2.793 2.575 2.290 82.0 18.9 
3.009 2.788 2.554 84.9 18.8 
1.733 1.336 78.9 

















dissolved in 10 times their weight of water at 60°, and are treated 
with a little norit at this temperature for 5 to 10 minutes. After 
filtration, 1 volume of absolute alcohol is added to the hot solu- 
tion, and the beaker is allowed to stand until cold; a second volume 
of absolute alcohol is then added, and crystallization is allowed to 
continue overnight in the refrigerator, the mother liquor being 
thoroughly stirred once or twice to prevent supersaturation. The 
crystals are filtered, washed, and dried as before. The yield de- 
pends on the richness of the tissue employed, and this may vary 
from 1.7 to 4.5 gm. or even more per kilo of roots as determined 
by the indirect method on the extract. Higher yields are usually 
to be obtained from beets that have been in storage for some time 
than from fresh plants. In any case the yield of recrystallized 
material should be approximately 80 per cent of the quantity of 
gluiamine present in the tissue. 
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Table I shows data from several preparations carried out as 
described. The products melted at or near 182°, and were slightly 
low in nitrogen content. A number of preparations were com- 
bined and crystallized once more. The resulting crystals con- 
tained 19.0 per cent of nitrogen (theory 19.18), 9.46 per cent of 
amide nitrogen (theory 9.59), and melted at 185-186° (short stem 
thermometer). Bergmann, Zervas, and Salzmann’s synthetic 
d-glutamine (8) melted at 184-185°. 


SUMMARY 


The preparation of glutamine from the root of the common beet 
is described. The method employed is essentially that of Schulze 
and Bosshard but is modified in detail. Yields of the order of 80 
per cent of the glutamine content of the tissue are readily obtained. 
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A BIOCHEMICAL STUDY OF THE FERMENTATION 
OF RARE SUGARS BY MEMBERS OF THE COLON 
AND AEROGENES GROUPS OF BACTERIA 


II. CELLOBIOSE 


By CHARLES F. POE anp DOROTHEA E. KLEMME 
(From the Department of Chemistry, University of Colorado, Boulder) 


(Received for publication, December 27, 1934) 


Most of the quantitative work on the fermentation of sugars and 
higher polyhydric alcohols has been done on the more common 
members of these groups of compounds. An investigation is in 
progress in this laboratory on the metabolic products which are 
produced by members of the colon and aerogenes groups of 
bacteria in media containing some of the rarer sugars and alcohols, 
the results of the work with trehalose and d-sorbitol having 
already been reported (1, 2). The investigation covered in this 
communication gives the results when cellobiose (cellose) was 
used as the carbohydrate constituent of the medium. A number 
of investigators (3-7) have reported on the qualitative fermenta- 
tion of this sugar. 

The methods and procedures were essentially those employed in 
the previous studies (1, 2). For the quantitative determination of 
the products of fermentation, a medium was used containing 5 
gm. of cellose and 8 gm. of Bacto-Nutrient broth in 1 liter of water. 
This medium was adjusted to a pH value of 7, and 100 cc. amounts 
were placed in 250 cc. flasks and sterilized at a pressure of 10 
pounds on each of 2 consecutive days. In addition, 50 cc. amounts 
were placed in Smith fermentation tues and properly sterilized. 
Each fermentation tube was previously fitted at the top of the gas 
arm with a small bore glass tube which was sealed with a short 
piece of rubber tubing containing a plug of solid glass rod. This 
arrangement facilitated the transfer of the gas. 

Determinations of pH values were made at frequent intervals 
with the hydrogen electrode potentiometer in media containing 
43 
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Coron Group CELLOSE — 
I. 0.1 per cent cellose. 
IT. 0.5 per cent cellose. 


Coton Group CELLose + 
I. Qi percent cellose. 
0s cent cellose. 
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Fig. 1. Curves showing the change in pH values when cellose-positive 
and cellose-negative organisms of the Escherichia group are grown in cellose 
media. 
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Fig. 2. Curves showing the change in pH values when Aerobacter aero- 
genes is grown in cellose media. 
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0.1, 0.5, and 1.0 per cent cellose. Various strains of four organisms 
were used: Aerobacter aerogenes, Escherichia coli, Escherichia 
communior, and Escherichia neapolitana. Some of the cultures 
of the Escherichia group produced gas in cellose media and others 
gave no gas production. The values obtained with the medium 
containing 1 per cent sugar were about the same as those with the 
medium containing 0.5 per cent sugar. The average values for 


























Taste I ‘ 
Fermentation Products in Cellose Medium 
Bucherichia | Becherichia | chia” | Aerctocter | 400 
colt communior nea- aerogenes diesen 
politana 
GID FER. 0 oc ccnseconess 82 71 29 304 445 257 17 59 
ce. ce. ce. cc. cc. ce. cc. cc. 
CO,*...............-| 1.5 | None} 5.3 | None} None} 9.1/ 5.0] 5.8 
A a 4.5 “ | 10.5 - “ 111.9] 7.5] 8.0 
Gents cae hes 0.30 0.50 0.77; 0.67) 9.73 
Volatile acidf....... 10.9 | 13.3 | 14.2} 9.0/ 10.8] 9.8] 12.2} 12.5 
mg. mg. mg. mg. mg. mg. mg. mg. 
eee. Eas 2.5) 1.2] 2.2] 10] 18] 16] 1.6] 1.2 
Acetic rere 62.2 | 78.2 | 82.3 | 52.7 | 62.4 | 56.7 | 71.2 | 73.4 
Succinic “ .......| 5.8] 6.9] 15.3] 7.0) 5.3] 8.7] 8.6) 14.2 
Lactic sees] 14.9 | 15.2 | 27.2 | 23.5 | 21.6 | 21.2 | 28.4 | 32.6 
PR SES tar a 402.0 |322.0 |298.0 | 83.0 |112.0 |282.0 |133.0 |163.0 
Reducing sugar after 
hydrolysis as glu- 
Nishi nctiees None|672.0 | None/657.0 |736.0 | None| None} None 
Ratio, volatile/non- 
Ws concwoed 3.1} 3.6] 2.0} 1.8] 2.4] 1.9] 2.0] 1.6 
Acetic/succinic...... 10.7} 11.3} 5.4] 7.5)}11.8] 6.5] 8.3] 5.2 
a ee 4.2/ 5.1] 3.0] 2.2) 2.9) 2.7) 2.5) 2.3 














* Volume formed in a Smith fermentation tube. 
+ Amount of 0.1 n alkali used to neutralize the acid from 1 gm. of sugar. 
t All of the values in mg. are on the basis of 1 gm. of cellose. 


three strains of Aerobacter aerogenes and for four strains of Escheri- 
chia are given in Figs. 1 and 2. The pH values with both groups 
of organisms in the medium containing 0.1 per cent sugar reached 
a minimum in about 12 hours, and then the values gradually 
increased until a maximum pH value of around 8.5 was reached. 
The minimum was somewhat lower in the medium containing 0.5 
per cent sugar, and the acidity which developed killed the organ- 
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isms in a number of cases. With the cellose-negative organisms, 
the pH values were not as low on the acid side as with the cellose- 
positive strains, a value of 6.6 being the lowest recorded. 

The medium contained in the flasks and the Smith fermentation 
tubes was inoculated and incubated for 72 hours at 37°. The 
fermentation products were analyzed and the results are given 
in Table I. 

The amounts of the products formed with the two groups of 
bacteria show very little difference. The aerogenes group, on the 
whole, showed larger amounts of succinic and lactic acids, and the 
gas ratios were greater. The acid ratios for the two groups of 
bacteria were very nearly the same. With the cellose-positive 
organisms of the Escherichia group, all of the cellose was used up 
during the 72 hours, whereas on the other hand, there was con- 
siderable unused sugar remaining when the cellose-negative 
organisms were grown in the same medium. The difference in 
the products formed by the colon and aerogenes groups in cellose 
media is not nearly so characteristic as was shown by these groups 
of bacteria in media containing trehalose (1). 


SUMMARY 


1. The fermentation products produced by members of the 
Escherichia and Aerobacter groups of bacteria in cellose media have 
been determined. 

2. The progressive changes in pH values during fermentation 
have been studied. 
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THE DETERMINATION OF THE COLLOIDAL OSMOTIC 
PRESSURE IN BLOOD SERUM AND SIMILAR FLUIDS 


By ANCEL KEYS ann HENRY TAYLOR 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston, and 
the Physiological Laboratory, University of Cambridge, 
Cambridge, England) 


(Received for publication, January 3, 1935) 


The importance of the colloidal osmotic pressure in biological 
fluids is becoming increasingly recognized, but difficulties in the 
older methods as yet prevent their general use in inquiries for 
which needed information can only be obtained from colloidal 
osmotic pressure data. 

The membrane bag arrangement used by Starling (1896) is 
capable of yielding admirable results (see, eg., Adair, 1925; 
Adair and Robinson, 1930), but it requires so much time and mate- 
rial that its use has been limited. The methods in greatest use 
are those of Schade and Claussen (1924), Govaerts (1923), also 
Verney (1926), and Krogh and Nakazawa (1927) (see also Wells, 
1933; Hill, 1932-33).! These all require special apparatus which 
is not easy to construct and requires considerable skill to use. 

In addition to technical difficulties, there is a further point of 
criticism of the methods in current use in physiological and medical 
laboratories in that they are based on the assumption that it is 
desirable to obtain a colloid osmotic pressure reading of the colloid 
fluid equilibrated against its own ultrafiltrate. The justification 
of this is based on the assumption that the effective colloid osmotic 
pressure in the organism is most closely estimated in this way. 
However, there is no valid proof that this is the case; in this 
laboratory we have found evidence to indicate that, in man, 
neither are the capillaries wholly impermeable to blood colloids 
nor are the colloids alone effective as osmotic agents determining 
the fluid balance across the capillary membrane. In other words, 


1 For brief descriptions of a number of methods, see Meyer (1932). 
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the characteristics of artificial membranes are sufficiently different 
from the membrane of the capillary wall to destroy the principal 
argument for the ultrafiltrate procedure. 

There is a positive argument against the use of the ultrafiltrate 
procedure in that, when blood serum is used, the variability of the 
crystalloid composition of the blood serum may alter the relative 
magnitude of the Donnan effect. If one’s desire is to estimate the 
physical state of the proteins, with regard to apparent molecular 
sizes, it is obviously desirable to create constant conditions of 
ionic strength and pH. This was one of our chief concerns in the 
development of the present method. 


Method 


The colloid solution (e.g., blood serum) is diluted with an equal 
volume of a buffer solution of constant ionic strength which is also 
used as external solution. The wet osmometer cup is rinsed out 
several times with the diluted colloid solution and then filled to a 
point where the stopper bearing the manometer tube (see Fig. 1) 
can be inserted without trapping more than a small bubble of air. 
The stopper is partly inserted with the upper end of the manometer 
tube closed with a rubber tube and clamp, and then the end of the 
tube is opened and the stopper forced in until the fluid stands in 
the capillary manometer tube higher than the expected colloid 
osmotic pressure. The outside of the osmometer cup is then 
carefully washed with the buffer solution to remove all traces of 
colloid which may have spilled over, and then the osmometer is 
immersed in the outer (buffer) fluid as shown in Fig. 1. 

The equilibration is carried out in an ice box or refrigerator 
room in which a temperature constant to +2° is maintained at 
some level between 0-5°. No manipulations are required, equi- 
librium being attained spontaneously, owing to the small size of 
the osmometers and by virtue of the initial approximation of the 
crystalloid concentration and pH in the inner and outer fluids, 
before any disturbing bacterial destruction of the proteins inter- 
venes. Sterile technique is, therefore, unnecessary. It is desir- 
able to test the outer fluid for protein at the end of the determina- 
tion, thereby assuring the acceptability of the results. 

The osmometers are read after 3, 4, and 5 days, and the gross 
colloid osmotic pressure is calculated in mm. of H,O as colloid 
osmotic pressure = 2(h — c), where h is the vertical distance in 
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mm. between A (Fig. 1) and the level of fluid in the capillary 
manometer tube, and c is the capillarity of the manometer tube, 
also in mm. of H,0. 

The osmometers are extremely simple, consisting of a glass ring 
to the bottom of which is affixed a collodion membrane (M, Fig. 
1) and a capillary tube carrying linear graduations in mm. The 
simplest, and also the best, arrangement for the manometer tube is 
to have two marks a fixed distance apart (A and B, Fig. 1) and a 
paper mm. scale held in place and protected by an outer glass 
tube, as shown in Fig. 1. 





mM 








Fria. 1. The osmometer mounted as in use. A and B are fixed refer- 
ence lines on the capillary, the level of the outer fluid being adjusted 
exactly to A. M is the collodion membrane. 


The bore of the capillary tube should be about 1 mm. or a trifle 
less, and its capillarity determined with a diluted colloid solution 
similar to the fluid to be tested. The capillary tubes should 
always be scrupulously clean and dry before use. 

The membranes are made with a procedure somewhat similar to 
that used by Adair and Keys (1934). A glass tube of about 3 cm. 
diameter is mounted to rotate slowly in the horizontal plane; then 
pour on three coats of collodion, proceeding smoothly from one 
side to the other, over a length of about 10cm. The first coat is 
dried for 14 minutes after pouring at about 30°, the second dried 
for 2 minutes at 30°, and the third for 5 minutes at 30° (an electric 
heater lamp is excellent for this). Several minutes after the last 
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drying, the membrane is cut and peeled off as a flat sheet, still 
quite soft. With the sizes mentioned here, four membranes can 
be prepared and accordingly the original soft sheet may be cut in 
quarters. 

The soft membrane is laid over the end of one of the glass osmom- 
eter rings and molded over the end with the fingers, this mold- 
ing being repeated several times until the membrane sticks firmly: 
The excess membrane is then trimmed off and a drop of fresh 
collodion run around the ring as a final seal. The total drying 
time in the air following the pouring of the third coat should be 
between 21 and 24 minutes, and after that the last seal is dried in 
the air for 1 or 2 hours with the membrane itself just dipping in 
water. 

The collodion solution we use is prepared from 3 parts of du Pont 
collodion, 1 part of anhydrous ether, and 1 part of ethyl alcohol. 
It is allowed to stand for several days before use and thereafter 
keeps indefinitely. If necol collodion is used, the proper propor- 
tions are 1.5 to 2 parts of necol to 1 part of ether and 1 part of 
alcohol. Care should be taken not to get the membrane too thick; 
a thin mixture is generally better than a thick one. 

These membranes should be tested, but, if they are properly 
made, they are always protein-tight. When not in use, they may 
be stored for months in 1 per cent HCl in an ice box. Before use 
they are rinsed in several changes of distilled water for a day or so. 
These membranes may be used repeatedly, provided they are 
never allowed to dry once they are prepared. 

The suspending and outer buffer fluid may be made up to any 
desired pH and ionic strength. We have preferred to work with 
phosphate systems and have used the data of Green (1933) in 
preparing the solutions. Below are given the compositions, ionic 
strengths, and pH values for two useful solutions, the first being 
designed particularly for colloid osmotic pressure studies of cell 
content solutions, the second being perhaps somewhat better for 
serum protein studies. 





Total ionic strength pH KH2PO,. KOH 





mole per |. mole per l. 
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The glass osmometer rings we use have an internal diameter 
of 1.8 cm. and are usually filled to a depth of about 0.4 cm., giving 
a membrane surface of about 2.5 sq. cm. per ce. of fluid. Deter- 
minations in duplicate can be made with about 1.5 cc. of serum. 


EXPERIMENTAL 


In Table I are given results from a series of osmometers set up 
with identical serum. These results are more or less typical of the 
course of equilibration and the final agreement of duplicates. 

Typical comparisons of hydrogen ion concentrations of internal 
and external solutions of human serum are given below, together 


TaBLeE I 


Course of Equilibration and Agreement of Separate Determinations of Colloid 
Osmotic Pressure in Human Serum (in Mm. of H:0) 











Serum [Osmometer! Initial brs. | 48brs. | 72hrs. | 96hrs. | 120 hrs. 
A 1 150 220 260 287 291 290 
2 170 240 270 279 286 289 
B 1 400 280 276 284 - 284 
2 380 322 288 296 294 























with colloid osmotic pressure values and pH values by the glass 
electrode. The effect of pH on the observed osmotic pressure is 
qualitatively similar to that reported by Marrack and Hewitt 
(1927). 








Colloid osmotic pressure Internal pH External pH 
mm. H:O0 : , 
285 ‘ 7.26 7.22 
295 7.39 7.36 





In forty determinations of colloid osmotic pressure of human 
blood serum in fifteen resting subjects? we have found values for 
mm. of colloid osmotic pressure per gm. of protein concentration 
ranging from 39 to 45 with an average of 42.0. This is somewhat 
lower than is found with the methods of Govaerts (1923), Schade 
and Claussen (1924), and Krogh and Nakazawa (1927), although 


2 The subjects were all normal young men. 
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some of this difference disappears when the values are all com- 
pared at 37° by multiplication of the colloid osmotic pressure 
value obtained by the factor 310/(absolute temperature). 

It should be remembered that the present method does not 
measure exactly the same thing as the other methods discussed 
here, but some comparison of results with the present method and 
with the second method of Krogh and Nakazawa may be useful. 
Such comparisons are made in Table IT. 

The present method invariably gives lower results than the 
Krogh and Nakazawa method. This may be due partly to the 
fact that, as has been generally observed (see Meyer, 1932, p. 38), 
with increasing protein concentration the colloid osmotic pressure 


Taste II 
Comparison of Colloid Osmotic Pressure Results with the Present Method and 
the Method of Krogh and Nakazawa (1927) on Human Serum 


The values are expressed in mm. of H,0. 





















Concentration of Krogh and 

Series No. | serum sed in, | PSSA 7.25" | corrected to 22" | Nakazawa, 
1 Undiluted 285 307 322 
284 305 327 
329 
2 Diluted 1:1 270 287 330 
278 296 340 

















increases slightly more than might be expected. The tendency 
in this direction shown in Table II is general. It is also probable, 
however, that some of the difference is due to differences in pH 
and in salt concentrations leading to different Donnan effects. 


SUMMARY 


A true equilibrium method for measurement of the colloidal 
osmotic pressure in blood serum and similar fluids is presented. 
Duplicate determinations can be made easily with 2.0 cc. of colloid 
solution and, with care, a single determination can be made on 
0.5 cc. Some results with the method are presented and com- 
parisons are made with other methods. 
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THE BEHAVIOR OF THE PLASMA COLLOIDS IN RE- 
COVERY FROM BRIEF SEVERE WORK AND THE 
QUESTION AS TO THE PERMEABILITY OF THE 
CAPILLARIES TO PROTEINS 


By ANCEL KEYS anp HENRY TAYLOR 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, January 3, 1935) 


It is generally agreed that the fluid balance between blood and 
tissue is a resultant between hydrostatic and osmotic forces not 
greatly different from that pictured originally by Starling (1896). 
The analysis of the exchanges across the capillary membrane 
involves, necessarily, acceptable data for both the hydrostatic 
pressure and the effective osmotic pressure at the site of the 
exchanges, or, alternatively, figures for one of these factors to- 
gether with a detailed knowledge of the character of the capillary 
wall as a permeable membrane. 

The efforts of Starling and his successors (see, e.g., Schade and 
Claussen, 1924; Landis, 1926; Krogh, 1929) were directed toward 
proving that the capillary blood pressure and the osmotic pressure 
of the plasma colloids are so nearly equivalent to each other that 
the observed state of balance between blood and tissue fluid would 
be obtained in a passive system with a membrane permeable to 
everything except substances of colloidal dimensions. These 
efforts have been regarded as generally successful but, as Drinker 
and Field (1933) point out, perhaps they are quantitatively too 
successful in demonstrating complete equality of the two opposing 
forces considered. 

Drinker and Field have collected a convincing body of data to 
show that not only thoracic duct lymph but also true tissue lymph 
contains a considerable amount of protein which exerts a propor- 
tionate osmotic force (Loewen, Field, and Drinker, 1931). More- 
over, this tissue lymph is in constant, though slow, circulation, 
and Drinker and Field make it probable that this lymph is derived 
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directly from the true tissue fluid and is little if any different from 
the latter. 

The presence of an appreciable colloidal osmotic pressure on 
the tissue side of the capillaries makes it necessary to construct a 
new pressure balance sheet for the fluid balance between blood 
and tissue. Various workers (Iversen and Johansen, 1929; Meyer 
and Holland, 1932; Weech, Snelling, and Goettsch, 1933) have 
attempted such calculations, the general form of which is given by 
Landis (1934) in the equation, CP — TP = COP, — COPr, 
where CP is capillary blood pressure, 7’P is tissue pressure, and 
the right-hand members of the equation refer to the colloidal 
osmotic pressures of the blood plasma and the tissue fluid respec- 
tively. 

Aside from the fact that each of the items in the above equation 
is very difficult to evaluate, it should be pointed out that, as it 
stands, such an equation implies that the capillaries are completely 
impermeable to proteins and other colloids. Drinker and Field 
deny such colloid impermeability, believing that the protein they 
find in the tissue lymph is derived from filtration through the 
capillary wall. Landis (1934, p. 437), however, though retreating 
somewhat from his former position, believes that the permeability 
of the capillaries to protein is very slight. 

With present methods the problem can scarcely be attacked 
profitably on the resting subject where the exchanges between 
blood and tissue are constant and minimal, but the exchanges 
produced by brief severe exercise should give favorable circum- 
stances to observe the behavior of the plasma colloids inthe normal 
or non-pathological organism. In a period of a minute or so 
destruction or manufacture of plasma protein must be incon- 
siderable. 

The most obvious procedure would be to compare the plasma 
protein concentration with the hemoglobin concentration before 
and immediately after the short period of exercise. This is open 
to the criticism that the amount of hemoglobin in the circulating 
blood may be inconstant, owing particularly to the reservoir 
action of the spleen and possibly the liver. 

A second and much more promising procedure would be to 
investigate whether, under the stress of increased fluid move- 
ments induced by the exercise, there is any change in the average 
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physical dimensions of the protein particles. Such a change, if 
exhibited, must be due either to a sudden in vivo transformation 
of protein types, or, much more probably, to a differential loss or 
gain of larger or smaller particles from the blood system. 

A priori it would seem unlikely that, if some portion leaks 
out through the capillary walls, the different protein molecules 
would escape at a rate independent of their relative sizes. There- 
fore it might be expected that simultaneous observation of both 
the blood protein concentration and the colloid osmotic pressure 
before and immediately after brief severe work would throw light 
on the ability of the capillary wall to retain protein. 

Obviously, these questions of the permeability of the capillary 
walls to proteins must be settled in order to arrive at any satis- 
factory values for the fluid movements between blood and tissue, 
but some estimate as to probable limits of these values under 
these conditions may be made from the serum protein and oxygen 
capacity measurements. 


Methods 


The subjects used in the present experiments were all healthy 
young men between the ages of 19 and 26. They all had had at 
least one preliminary trial on the motor-driven treadmill used. 
Before the experiment the subject always rested, prone, for half 
an hour and then a blood sample was taken, without stasis, from 
the antecubital vein. Immediately thereafter the subject ran 
on the treadmill for 1 minute at a rate of 11.6 miles per hour and 
at an angle of 7 per cent. In all cases this rate of work was near 
the limit of performance and the pulse at the end was around 200 
per minute. x 

At the end of work the subject rested on a bed at the side of the 
treadmill and a second venous sample was taken. The collection 
of this blood sample was, on the average, completed within 2 
minutes of the end of work, and when a longer time was taken the 
experiment was discarded. 

In each case one fraction of the blood was kept from clotting by 
heparin; the oxygen capacity was measured on this by means of 
the usual Van Slyke technique, 1 cc. samples being used in dupli- 
cate. Another portion of the blood was allowed to clot at room 
temperature for 30 minutes, centrifuged at 2700 r.p.m. for 40 


— 
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minutes, and the resulting serum used for the determination of 
protein and colloidal osmotic pressure. Serum was used in prefer- 
ence to plasma because of the possibility that anticoagulants might 
affect the colloidal osmotic pressure and because partial clotting, 
which sometimes occurs in plasma during osmotic equilibration, 
would completely ruin a determination. 

Protein was determined from the total nitrogen obtained by 
the Kjeldahl method on duplicate 2 cc. portions, corrected for 
non-protein nitrogen as determined by Daly’s (1933) modification 
of the method of Koch and McMeekin. 

The colloidal osmotic pressure was determined by the method 
of Keys and Taylor (1935) in which the pH and the ionic strength 
of the equilibrating fluid remain constant at 7.38 and 0.135 respec- 
tively. With this method variations in the Donnan effect are 
minimized and the resuiting measurements are, in relative terms, 
strictly comparable for the estimation of average colloidal sizes. 

In addition to the foregoing, check determinations were made 
of the total dry solid and ash in both whole blood and serum. 


EXPERIMENTAL 


The principal experimental results are compiled in Table I. 
In the eight subjects there was, 1 minute after the work, compared 
to 1 minute before work, an average increase of 7.55 per cent of 
the initial oxygen capacity and 12.34 per cent of the initial serum 
protein content. 

The blood concentration changes observed in these experiments 
must be the resultant of exchanges of fluid between blood and 
tissue fluid, modified by the possible loss of plasma protein from 
the blood stream and the possible gain of red cells from reservoirs 
such as the spleen. Various attempts to evaluate these modifying 
factors have been made, notably by Barcroft (1927, 1934) and by 
Dill, Talbott, and Edwards (1930). The number of variables 
involved and the fact that some of these factors are not accessible 
to direct evaluation preclude the possibility of very precise analy- 
sis, but approximate limits can be assigned for the present experi- 
ments by simple calculations. 

Dill, Talbott, and Edwards (1930) showed that, in normal man, 
the ratio of cell volume to oxygen capacity is nearly, but not quite, 
constant from rest to work and recovery. They found an em- 
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pirical relation between pH and the ceii volume to oxygen ca- 
pacity ratio 

Hb per liter blood 
hes 7.40 — pH serum 

: 30 





Hb per liter cells = 





In the present series of experiments it was not always practicable 
to make determinations of cell volume, but in a long series of 


TaBLeE I 
Comparison of Blood in Rest and 1 Minute after Exhausting Work of 1 
Minute’s Duration 
Serum colloidal osmotic pressures are given in mm. of water, protein as 
gm. per 100 cc. of serum (calculated as 6.25 X nitrogen), oxygen capacity as 
volumes per cent. All values are arithmetic means of several determinations. 






































Serum ee | Pe 
Mo. | State | Spusity| increase | provein | increase | osmotic | increase | Pressure | °3o° 
pressure protein crease 

1 | Rest | 19.72 6.81 295 43 
Work} 21.12 | 7.10 | 7.60 | 11.60 | 264 | —10.5| 35 19 

2 | Rest | 17.27 6.95 290 42 
Work| 18.15 | 5.16 | 7.78 | 11.92| 297 2.41 38 10 

3 | Rest | 20.11 7.06 305 43 
Work| 21.02 | 4.52| 7.86 | 11.33] 266 | —12.8) 34 21 

4 | Rest | 22.45 7.00 296 42 
Work} 23.92 | 6.53 | 8.06 | 15.16 | 296 0 37 12 

5 | Rest | 21.02 7.18 321 45 
Work} 23.30 | 10.82 | 8.42 | 17.26] 361 12.4, 43 5 

6 | Rest | 21.19 7.20 283 39 
Work| 23.21 | 9.54| 7.78 | 7.75 | 290 2.5, 37 5 

7 | Rest | 22.97 7.10 287 40 
Work| 23.86 | 3.88 | 7.84 | 10.41 | 291 1.4) 37 8 

8 | Rest | 20.64 7.60 316 42 
Work} 23.42 12.82 | 8.61 | 13.29} 311 —1.6| 36 14 





experiments identical with the present series we have consistently 
found an average decrease of hemoglobin per unit of cell volume 
of 0.5 to 1 per cent. Moreover, in these experiments there was in 
the blood following work an average decrease of about 0.30 pH, 
implying a decrease of Hb per unit of cells of 0.8 per cent. For the 
present purposes it is sufficiently accurate, in dealing with mean 
values, to assume an average decrease following work of 0.8 per 
cent in the amount of hemoglobin per unit of cells. This value is 
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used in computing the last column of Table II. The factor for 
conversion of oxygen capacity to cell volume in the second and 
third columns is taken from the nomogram of Van Slyke, Sendroy, 
and Liu (1932). 


Since the present analysis is intended only to indicate relative . 


magnitudes of the exchanges, we shall assume the convenient 
average total blood volume in rest of 6.00 liters; from the data of 
Brown and Rowntree (1925) and of Chang and Harrop (1928), 
this value cannot be very far from correct as an average for the 
subjects we used. It must be realized that the general picture is 
not influenced in the slightest by this assumption and that the 


Tasie II 
Mean Values for Eight Subjects in Present Series of Experiments 

















Work 
Rest | Work | (corrected 
pH change) 
O, capacity, volumes per 100 cc. blood. . 20.67 | 22.25 
Calculated cell volume per 100 cc. blood, %.. 44.7 | 48.4 48.0 
- serum ‘“ * ae” * Guities ies 52.0 
Serum protein, gm. per 100 cc. serum........... 7.11 | 7.99 





values in Columns 3 and 5 in Table III and in Columns 3 and 5 in 
Table V are exactly the same for any assumed resting blood 
volume. The limiting calculations follow. 
Assuming Plasma Proteins Constant in the Blood Stream 
6000 (0.553) (7.11) = x (0.520) (7.99) 
z = 5680 cc. calculated total blood volume after work 
Then 
6000 (20.67) = (5680) (22.25) — y 
y = 24cc. total oxygen capacity of new cells gained, or 


2 ; 
0.4594 = 2° volume (at resting pH) of new cells gained, or 
52 r 
6000 (0.447) ~ 1.9 per cent gain in new cells compared to total cells in 
rest 


Assuming Total Hemoglobin Constant in the Blood Stream 
6000 (20.67) = x (22.25) 
z = 5570 cc. calculated total blood volume after work 
Then 
6000 (0.553) (7.11) = (5570) (0.520) (7.99) — y 
y = 4.6 gm., calculated loss of protein from blood plasma, or 
a = 1.4 per cent loss of protein compared to total protein in 
rest 
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There are several possibilities besides those calculated above, 
the most obvious and acceptable of which is that there may be a 
simultaneous loss of some protein and a gain of some cells. The 
possibility that there may be large net gains of both protein and 
cells from outside the resting circulation cannot be entertained 
very seriously in view of the fact that, despite much careful work, 
no evidence for reservoirs of plasma proteins has ever been un- 
earthed. All other possibilities for explaining results such as the 
present involve such complicated and improbable assumptions 
that they need not be treated here, and we believe that the true 


TaBLe III 
Calculated Changes in Total Blood Volume and in Total Plasma Proteins and 
Total Circulating Red Cells for Eight Subjects in the Present Experi- 
ments and Bight Subjects of Dill, Talbott, and Edwards (1930) 























3 § 
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s 3 } Fa Ss 
at os 2 H z ; 
ele i a |B] a 
(1) (2) (3) (4) (5) 
ce. ee. gm. 
Present study Assume Hb constant | 5570 0|0 46 | 1.4 
‘“* serum protein] 5680 | 52 | 1.9 | 0 0 
constant 
Dill, Talbott, and; Assume Hb constant | 5679 0 0 0.7 | 0.4 
Edwards ** serum protein| 5701 | 14 | 0.5 | 0 0 
constant 








quantitative explanation .of our results lies somewhere between 
the two calculations presented above. 

Before attempting further to analyze the present data, com- 
parison will be made with calculations from the data obtained by 
Dill, Talbott, and Edwards (1930). In their experiments the 
conditions were much the same except that the rate of work was 
much lower and was continued for 20 minutes. Taking the eight 
normal subjects in their series on which complete and comparable 
observations were made, we have applied the same calculations 
used with our subjects. The results, together with our own, are 
presented in Table ITI. 
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It is obvious that both series present much the same general 
picture—the difference being that simple fluid movement will 
account for more of the changes in the longer work than in the 
shorter, more intense work. A similar difference was found in 
experiments preliminary to the main series presented here, and 
this difference may be of some significance and will be treated in 
the discussion later. 

The analysis of the colloid osmotic pressure data can be devel- 
oped as follows: 


Let a = “‘filtrable protein’”’ concentration in gm. per 100 cc. serum 
b = “non-filtrable protein” oS  —— 
zx = colloid osmotic coefficient for non-filtrable protein 
kigs= “* 2d " “*  filtrable protein 


total blood volume in deciliters 
c = colloid osmotic pressure of serum 
p = total protein concentration in gm. per 100 cc. serum 
8 = cc. serum per 100 cc. whole blood 
Subscript 1 = rest, subscript 2 = work 
Then 


v 


(I) kaa; + xb; = c;; (II) kra, + zbe = 2 
(iI)a, +h =m; (IV)a. +h: = ps 
If we assume that the total non-filtrable protein in the blood stream 
remains constant, we have 





(V) bi(s:)(v1) = ba(s2) (v2) 

Now (III-a) a; = p; — b; and by substitution in equation (I): 
(I-a) kzp, — krb, + xb; = c, or 
(I-b) bi = (c: — kxp;)/(x — kz) 

Similarly, (II) b. = (cz — kxp2)/(x — kz) 

ba8av2 Plata . 
But (V-a) b; = -— and, by substitution in equation (I-b), 
171 

(I-c) ho $101 (¢1 = kzp.) 


8202(z — kz) 


On combination with equation (II-a) we have 





8101(1 -_ krp) bins C2 — krpe 


(VI) —— ey TP or, 
(WE-e) 8101C1 — SkTP, = $2022 — 82v2k-rp2 Or, 
ive) kx(82v2p2 — 81%1Pi) = S22C2 — 8101C; OF, 
(VI-c) kg an (Oe — Shr 


SWeP2 — 810i Pr 
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The value of kx may be calculated from the present data for 
various values of v. Having obtained values for kz, we may 
evaluate either 6; or b: for various values of k. Clearly, the result- 
ing values of },, the initial concentration of non-filtrable protein 
in the serum, which are greater than 7.11, the initial total protein 
concentration in the serum, are impossible unless we admit the 
existence of protein reservoirs and hence an upper limit can be 
assigned to v, the final total blood volume. The results of such 
calculations are presented in Table IV, again assuming for con- 
venience that v; = 60; this assumption does not, of course, affect 
the final results appreciably. 


TaBie IV 
Calculated Values for Initial Concentration of Non-Filirable Protein in 
Gm, per 100 Cc. Serum 
k is the ratio between the relative osmotic activities of the filtrable and 
non-filtrable protein. 





Value of b: (concentration of non-filtrable protein) for 




















v2 kz k=4 k=8 k=@ 
50.0 78 4.32 3.75 3.17 
53.0 110 5.89 5.03 4.39 
54.0 137 6.55 5.62 4.93 
55.0 193 7.40 6.35 5.56 
56.0 393 8.47 7.27 6.36 
56.5 1026 9.10 7.80 6.83 
57.0 —1128 





Since b; must be appreciably less than 7.11, Table IV shows, 
independently of hemoglobin, that v. cannot be more than about 
56.5 and, unless the non-filtrable protein is extraordinarily inactive 
osmotically, is probably less than 56.0. Moreover, Table IV 
shows that, since v, cannot be less than about 55.6,! the filtrable 
protein must be, on the average, at least 5 times as active osmot- 
ically as the non-filtrable protein. Finally, the lower limit of » 
indicated here must be greater than about 54.0 unless we admit 
there has been an extraordinary loss of protein. 

All the evidence, then, is in agreement that the mean change in 


1 Unless the total circulating hemoglobin is actually decreased imme- 
diately after the work; this possibility has never been seriously entertained, 
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blood volume in these experiments was from 6000 cc. in rest to 
between 5570 and 5600 cc. Within this range, the necessary 
hemoglobin and serum protein exchanges are presented in Table V. 


DISCUSSION 


The observations reported here are consistent with one another 
and, qualitatively, consonant only with the interpretation that 
the major concentration change in the blood resulting from the 
brief severe work is due to movement of a filtrate low in protein 
from the blood. Furthermore, the accession of new red cells to 
the blood must be small but not infinitesimal and there must be 
either a small loss of protein from the blood serum or a considerable 
change in its physical properties. 


TABLE V 


Final Limits for Movement of Red Cells and of Serum Protein; Average of 
Present Experiments 








Final blood Total volume of | Per cent of total Total protein Per cent of total 

volume new red cells red cells lost protein 

(1) (2) (3) (4) (5) 

ce. ce. gm. 
5570 2 0.09 5.5 2.3 
5580 8 0.30 4.9 2.1 
5590 12 0.45 4.5 1.9 
5600 18 0.53 4.1 1.7 
5610 22 0.82 3.7 1.6 
5620 24 0.90 3.3 1.4 

















The quantitative analysis developed for the colloid osmotic 
pressure data may be subjected to certain criticisms, the principal 
one being that the measured colloid osmotic pressure includes 
Donnan effects. The Donnan effect arises from the fact that pro- 
teins are not electrically neutral. For any part of the change in 
the gross colloid ogmotic pressure to be due to other than changes 
in the average molecular dimensions of the proteins present, there 
must be changes in the ionization of the proteins or changes in 
the ionic constitution of the crystalloid solution phase. 

The method for the determination of colloid osmotic pressure 
is specifically designed to maintain constant both the protein 
ionization and the ionic constitution of the solvent phase. Most 
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of the difference in pH between the rest and the work blood 
samples is eliminated by the suspending buffer solution employed. 
Likewise, changes in the crystalloid ions must be very nearly 
completely negatived by the large amounts of external phase used 
here. The fact that, under the conditions of the measurement, 
both pH and ionic strength, inside and outside the collodion mem- 
brane, are closely constant throughout all the measurements makes 
it unlikely that any appreciable change in the Donnan effect can 
beinvolved. It may be pointed out in this connection that various 
workers (e.g., Marrack and Hewitt, 1927) have shown that the 
gross colloid osmotic pressure of blood serum is little affected by 
changes in pH of several tenths and is also very little altered by 
moderate changes in salt concentration (see Meyer, 1932). 

Earlier in this paper comparison was made with the results of 
Dill, Talbott, and Edwards (1930) which indicated that with more 
prolonged, less severe work simple fluid movement will account 
for the observed concentration changes more completely than in 
the present experiments. This seems reasonable in view of the 
fact that in our experiments the strain on the circulatory system 
is much more intense. The difference may well indicate that 
protein filtration out from the blood stream is normally of small 
magnitude and that really excessive stress is required to cause 
more than an insignificant protein leakage. 

The indications are, in the present experiments, that the fluid 
filtered out from the blood stream in this brief exhausting work 
averages about 1 per cent in protein concentration. White, 
Field, and Drinker (1933) reported tissue lymph concentrations 
of from 0.5 to 1.5 per cent in dogs when lymph flow is at a high 
level. We cannot say, however, that in our experiments the blood 
filtrate is removed in the lymphatics; some of it undoubtedly is 
thus returned but the rapidity of readjustment following the work 
inclines us to the belief that much of the filtrate returns to the 
blood stream by the same route it left it in work. For example, 
a typical illustration of the rate of recovery following this brief 
severe exercise is given in Table VI. 

For figures like those in Table VI to be explained by lymph 
return to the blood would seem to us to »equire an improbably 
large lymph flow, even if we accept the larger estimates of lymph 
flow from Drinker and Field (1933). 
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The various points of significance of the present work are 
obvious, but it should be pointed out that, among other things, we 
find little evidence for a large splenic activity in these short stren- 
uous periods of exercise, in spite of the fact that the indications 
of reduced blood volume imply marked vasoconstriction in the 
abdominal cavity during the exercise. This is similar to the find- 
ings of Dill, Talbott, and Edwards (1930) for longer, much less 
severe work in which they found blood concentration changes in 
splenectomized subjects similar to those in normals. 


SUMMARY 


Normal young men were exercised to exhaustion on a treadmill 
in a period of 1 minute and blood from prolonged rest immediately 


TaBLe VI 
Recovery Following Running to Exhaustion in 1 Minute 
Subject D. K., football player in training. 





Time after work, min........ Rest 4 1 23 3} ll 25 50 92 








Blood O; capacity, vol. 











a 21.21/23 . 13/23 .41/23 25/22 .92/22 48/22 06/21 . 45/20 .90 
Plasma organic solids, 
gm. per 100 cc........ 7.89) 9.24) 9.20) 9.13) 9.10) 8.97) 8.68) 8.05) 7.86 




















before the work was compared with blood drawn within 1 to 2 
minutes after the work. Oxygen capacity, serum protein, and 
serum colloidal osmotic pressure in particular were studied. 

In contrast to large increases in oxygen capacity and in spite 
of even larger (averaging 12.5 per cent) increases in serum protein 
concentration, the colloidal osmotic pressure generally decreased. 
Reasons are given for believing that this decrease is directly 
related to a change of the mean size of the protein molecules. 

A method of analysis by successive approximations is presented. 
From its application to the present data it is indicated that, as an 
average for our subjects, about 400 cc. of filtrate containing about 
1 per cent protein left the blood during work and that at the same 
time something between 5 and 20 cc. of new red cells entered the 
active circulation, 
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It has been repeatedly demonstrated that the level of cystine 
excretion by a cystinuric is not increased by the ingestion of this 
amino acid but is augmented by the feeding of proteins, especially 
those rich in sulfur. The ability of the cystinuric organism to 
oxidize free cystine and its apparent failure to utilize this amino 
acid as it exists in the protein molecule have always been difficult to 
understand. The inability to formulate a reasonable explanation 
of this finding pointed to a fundamental gap in our knowledge of 
intermediary sulfur metabolism. Some light was thrown on the 
problem by our observation that cystine is possibly excreted in 
the urine, not as the free amino acid, but as a complex of unknown 
nature which decomposes with the liberation of free cystine (1). 
No further insight into the processes possibly involved could be 
gained from the literature, because, among the naturally occurring 
sulfur compounds, cystine alone has been studied in cystinuria 
since the advent of new and specific methods for the quantitative 
determination of this amino acid. 

Recently a new aspect has become apparent with the establish- 
ment of a close interrelationship between cystine and methionine. 
It has been observed (2) that methionine can replace cystine in its 
stimulating effect on the growth of rats subsisting on diets deficient 
in these amino acids.. Moreover, it has been found (3) that methi- 


* Aided by Grant 335 from the Committee on Scientific Research, Amer- 
ican Medical Association. 
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onine may function as does cystine in the detoxication of bromo- 
benzene.! 

Various explanations of these findings have been offered. 
White and Lewis (3) seem to prefer the suggestion that cystine 
and methionine have some common product of intermediary 
metabolism and that methionine may have a cystine-sparing 
action. The experimental evidence, however, may also indicate a 
possible conversion of methionine to cystine (cf. (2) p. 476). The 
conversion of methionine into cystine in vivo is difficult to formulate 
chemically. It was thought that this interpretation could be fur- 
ther tested by experiments on a cystinuric individual. Indeed it 
had been suggested by Jackson and Block (2) that an increased 
urinary cystine excretion after the ingestion of methionine by a 
cystinuric ‘‘would again be tantamount to proof that the body can 
convert methionine to cystine.” 

The metabolism of methionine, therefore, was investigated in a 
case of cystinuria, and, for purposes of comparison, cystine, cys- 
teine, and glutathione were included in the study (cf. (6)). The 
experiments reported on the following pages indicate that when 
cysteine or methionine is ingested by a cystinuric, only a small 
portion of these compounds is oxidized, the larger part appearing 
in the urine as extra cystine. Cystine and glutathione (—SH), on 
the other hand, are almost completely oxidized; a small portion of 
the latter may appear in the urine as extra cystine. 


EXPERIMENTAL 


Case History—The patient was a 15 year-old male whose right 
kidney had been completely destroyed by cystine stones, neces- 
sitating its surgical removal by one of us (C.). Shortly after re- 
covery from the operation, the metabolic studies were undertaken 
(for details cf. (5)). 

Diet—The patient was placed on a weighed, meat-free diet? of 
constant sulfur content (350 gm. of carbohydrate, 100 gm. of fat, 
and 50 gm. of protein). The daily intake of milk, eggs, bread, 


1Cf. Brand and Harris (4, 5) regarding a possible mechanism for the 
formation of bromophenylmercapturic acid and the source of its acetyl 


group. 
2 We are indebted to Miss M. E. Thompson, Therapeutic Dietitian of the 
Presbyterian Hospital, for her cooperation in these studies. 
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cheese, and butter was constant but the vegetables, fruits, and 
cereals were varied. Table I indicates that on account of the close 
cooperation of the subject, the daily excretion of the nitrogenous 
constituents as well as of sulfur and of cystine during the control 
periods was constant within a strikingly narrow range. 


Methods 


The various urinary constituents determined in these studies 
are recorded in Table I. The following methods were used: pH, 
colorimetric; total nitrogen, Kjeldahl; urea, urease (Van Slyke and 
Cullen); ammonia, aeration (Folin); amino acid nitrogen, colori- 
metric (Folin); creatine and creatinine, Kassell* (9); inorganic 
phosphorus, colorimetric (Fiske and Subbarow) ; total sulfur, gravi- 
metric (Benedict and Denis); inorganic and total sulfates, gravi- 
metric (Folin) ; cystine, Folin and Sullivan. 

The Folin determination of cystine was carried out according 
to Rimington (10); however, the new color reagent (11) containing 
lithium carbonate and phosphoric acid (12) was employed. It 
should be kept in mind that owing to interfering substances the 
results tend to be somewhat high (cf. (13)). Other —SS— and 
—SH compounds besides cystine and cysteine are determined by 
this procedure. 

On the other hand the cystine values indicated by our modifica- 
tion (1) of the specific Sullivan method are about 10 per cent too 
low. The discrepancy between the two methods must be borne in 
mind when Table I is studied. In order to obtain satisfactory 
results with the Sullivan method it is important to use freshly 
oxidized a-naphthoquinone-4-sulfonate.’ Determinations were 
frequently carried out in triplicate and checked by repetition. 

The neutral sulfur is obtained by subtracting the amount of 


3 In order to obtain correct values in the creatinine determination with 
the Pulfrich photometer, it is necessary to construct suitable calibration 
tables (we shall be glad to furnish such data upon request). A statement 
to the contrary by Lieb and Zacher! (7) involves a line of reasoning at vari- 
ance with the fundamental principles of the instrument, outlined in the 
handbook issued by the manufacturer (8). 

4QOur observation (1) that cystine methylester gives a more intense 
Sullivan reaction than cystine itself has been confirmed recently for car- 
boxyl-substituted cystine derivatives (14). 

5 We are indebted to Dr. M. X. Sullivan for this suggestion. 
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total sulfates from the total sulfur. The neutral sulfur fraction 
contains, besides cystine, a variety of organic and inorganic sulfur 
compounds. ‘The latter are designated as ‘‘Undetermined neutral 
sulfur,” which is found by deducting the cystine sulfur as deter- 
mined by the Folin method from the “‘Total neutral sulfur.” 

Metabolic Observations—After a short time on the basal diet, the 
daily excretion of the various urinary constituents remained quite 
constant. Our observations, the majority of which are reported 
in Table I, were continuous from May 9 to August 5, 1933. The 
excretion of total nitrogen and of the various sulfur fractions during 
the control periods dropped somewhat from the beginning (Period 
1) to the end of the study (Period 18). For example, the daily 
excretion of the total nitrogen, sulfur, inorganic sulfate, neutral 
sulfur, and cystine was 6.1, 0.56, 0.25, 0.27, and 0.86 gm. respec- 
tively during Period 1, and 5.3, 0.54, 0.24, 0.25, and 0.77 gm. in 
control Period 18. This slight decrease in the nitrogen, sulfur, 
and cystine excretion during the 3 month period was so gradual 
that it was practically negligible from one feeding period to the 
next. This slow drop might have been due to a number of factors, 
such as the institution of an adequate diet after the patient had 
been on a regimen presumably deficient in protein and cystine for a 
long time, to the nitrogen- and sulfur-sparing action of the amino 
acids which were fed, or to variations in the growth processes of 
the adolescent subject. 

Four compounds containing sulfur were fed to the patient during 
the 3 months in which these metabolic observations were carried 
out. There was a total of ten periods of 3 days each when the 
compounds were ingested, preceded and followed by a control 
period of sufficient duration to insure the return of the subject to 
a basal condition. Cysteine and cystine were fed three times, 
while methionine and glutathione (reduced) were given only twice. 
In order to save space, the results of only two of the cystine and 
cysteine experiments are presented in Table I. The results of the 
other experiments which are not given in Table I were in complete 
accord with those presented. 

Cystine (Periods 4 and 10)—The results given in Table I show 
clearly that feeding as much as 6.4 gm. of l-cystine did not change 
the urinary cystine, but that there was a great increase in the 
excretion of inorganic sulfates and a slight augmentation of unde- 
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termined neutral sulfur. These experimental observations are in 
agreement with the literature. 

Cysteine’ (Periods 2, 12, 20)—It will be seen in Table I that the 
ingestion’ of cysteine resulted in a definite rise in the cystine and 
neutral sulfur excretion, while there was only a small increase in 
the production of inorganic sulfates. It will be noticed that on 
the last day of Period 12, the cystine excreted in the urine had 
risen to approximately double that of the control period. Extra 
cystine continued to appear in the urine for some 3 days after 
cysteine feeding had been stopped. 

Although the administration of almost 9 gm. of cysteine hydro- 
chloride caused a decided rise in the output of urinary cystine 
and of neutral sulfur, nevertheless cysteine was not found in the 
urine at any time, as determined by the failure of the urine to give 
a nitroprusside test before reduction with sodium cyanide. This 
was further substantiated by the fact that the cysteine feeding did 
not change the excretion in the urine of those substances which 
react with the Folin cystine reagent without reduction with sodium 
sulfite (cf. (13)). The detailed figures for the cystine determination 
by the Folin method for Periods 11 to 13 are given in Table II 


6 In a case of cystinuria, Gross (15) determined by the Gaskell method 
(acetone-acetic acid precipitation) the amount of cystine excreted in daily 
morning specimens. He administered cystine and cysteine to the patient 
and found that the cystine precipitate in the morning specimen was in- 
creased after the ingestion of the latter amino acid only. The finding has 
occasioned very little comment in the literature, perhaps on account of the 
apparent inadequacy of the experimental procedure. The effect of the 
administration of cysteine on the urinary sulfur partition in cystinuria was 
also investigated by Wolf and Shaffer (16). They concluded that ‘“‘cystin 
and cystein, administered by the mouth are completely catabolized to sul- 
fates’’ (p. 468). The single cysteine feeding experiment reported by them 
in Table II (p. 451), however, shows that the excretion of neutral sulfur was 
higher after the administration of 3 gm. of cysteine than after the ingestion, 
in the preceding experiment, of the same amount of cystine. Whether or 
not a rise in neutral sulfur in these experiments was due to extra cystine 
could not be ascertained without the use of methods, developed since Wolf 
and Shaffer’s important contribution, for the direct determination of this 
amino acid. Their findings, therefore, are not necessarily in contradiction 
to ours, in spite of their interpretation of their experiments. 

7 Cysteine hydrochloride was dissolved in water, neutralized with sodium 
bicarbonate, and immediately ingested by the patient. 
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in which the results are shown with and without sulfite respectively, 
while the difference between these values (indicating cystine) is 
also recorded. 

The increase in cystine excretion in the cysteine experiments 
in Periods 12 and 20 was observed both with the Folin and the Sul- 
livan methods. The discrepancy in the cystine figures obtained 
with these two methods was discussed above. 

Methionine (Periods 6 and 14)—The ingestion of dl-methionine 
by the cystinuric resulted in only a small increase in the output of 
inorganic sulfates and of undetermined neutral sulfur (presumably 








TasB.e II 
Details of Folin Determination for Cystine in Cysteine Experiment 
aed With sulfite, ——— Oe 
N * Date Substance fed o cyatine os cystine e athe 
1933 gm. gm. gm. gm 
11 | June 18 1.29 0.54 0.75 
- ae 1.26 0.51 0.75 
- = 1.30 0.51 0.79 
. 3 1.25 0.51 0.74 
12 * 2 2.2 1.58 0.55 1.03 
** 23) Cysteine HCl 2.2 1.69 0.50 1.19 
a 4.4 1.97 0.47 1.50 
12-a) “ 25 1.55 0.47 1.08 
" 2 1.54 0.53 1.01 
i 1.41 0.53 0.88 
13 “« 2 1.28 0.52 0.76 
“« 2 1.27 0.51 0.76 























unchanged d-methionine), but a great increase in the excretion of 
total neutral sulfur and of cystine was observed both with the 
Folin and the Sullivan methods. In this case, as in the cysteine 
experiment, the appearance of extra cystine in the urine continued 
for 3 days after the last dose of methionine, and also the level of 
cystine excretion was almost doubled at times. It was again 
shown by means of the nitroprusside and Folin reactions that only 
extra cystine and no cysteine was present in the urine after methi- 
onine administration (detailed figures similar to those given in 
Table II are omitted). 
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Glutathione® (Periods 8 and 17)—The feeding of 8 and of 16 gm. 
of glutathione (—SH) resulted in only a very slight increment in 
the cystine and undetermined neutral sulfur excretion. The 
largest part of the peptide was oxidized to sulfuric acid. 

Further analyses of the data are presented in Tables III and 
IV and in Fig. 1. For purposes of comparison, the average daily 
excretion of the various urinary sulfur constituents was calculated 






































TaBxe III 
Average Daily Urinary Sulfur Partition in Control and Experimental Periods 
Per cent total S 
Period No. Substance fed : 
Inorganic | NeutralS | Cystine S |Undetermined 
per cent per cent per cent per cent 
1 45 47 41 7 
9 45 45 40 6 
18 44 46 39 7 
10 Cystine 66 28 19 8 
17 Glutathione 58 36 27 9 
12 Cysteine 45 49 43 5 
14 Methionine 39 54 42 13 
TaBLe IV 
Extra Sulfur and Extra Cystine in Experimental Periods 
Amount of extra 8 Extra 
Period No. Substance fed cystine 
Fed Excreted excreted 
gm. gm. gm. per cent gm. 
10-10-a Cystine 6.4 1.71 1.36 80 None 
17-17-a Glutathione 16.0 1.63 1.28 79 0.59 
12-12-a Cysteine HCl 8.8 1.78 0.86 48 2.13 
14-14-a dl-Methionine 8.0 1.72 1.10 64 2.03 

















for certain periods and the percentage distribution of the sulfur 
partition established (Table III). It can be seen that the sulfur 
partition is constant for the three control periods (Periods 1, 9, 18). 
The typical cystinuric distribution of the sulfur partition is con- 


8 “Tt has been shown in some unpublished work by Hele, Hopkins, Law- 
rie, Leese, Meldrum and Pirie that a cystinuric could oxidise 3 g. of gluta- 
thione, given by mouth, as readily as cystine”’ (17). 
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siderably altered towards the normal in the cystine and glutathione 
periods (Periods 10 and 17) in which there is a marked increase in 
the proportion of inorganic sulfate and a corresponding decrease in 
the percentage of cystine sulfur. On the other hand, in the cys- 
teine and methionine feeding periods (Periods 12 and 14) the char- 
acteristic sulfur partition is strictly maintained. Table III, thus, 
shows that the essential metabolic error in cystinuria is concerned 
with cysteine and methionine. 
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Fig. 1. Partition of extra sulfur in experimental periods. The amounts 
of the substances fed are given in gm. 


Asummary of the data on the extra sulfur excreted in the feeding 
periods is given in Table IV. The extra sulfur is calculated as in 
the following example. 


Total S, Period 10-10-a (4 days) = 3.58 gm. minus 
«« “ daily average, Periods 9 and 11, X 4 = 2.22 “ 
Extra total 8, Period 10-10-a = 1.36 gm. 


The other data reported in Table IV and Fig. 1 were similarly 
determined. The figures for extra sulfur are, however, somewhat 
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low, because the ingestion of these sulfur compounds produces 
some nitrogen- and sulfur-sparing action, resulting in a fall in the 
basal level. Nevertheless, this method, with carefully conducted 
fore, after, and adjustment periods appears to be superior to other 
methods of calculation. 

It can be seen from Table IV and Fig. 1 that about 80 per cent 
of the ingested cystine and glutathione sulfur can be accounted for 
as extra sulfur, while in the case of cysteine and methionine only 48 
and 64 per cent respectively were found. Cystine and glutathione 
are almost completely oxidized to inorganic sulfate, while only 
approximately one-third of the cysteine and methionine is so con- 
verted. After cystine feeding there is no extra cystine, while with 
glutathione, cysteine, and methionine,’ respectively, 0.59, 2.13, 


and 2.03 gm. of extra cystine were found, corresponding to 12, 70, | 


and 51 per cent of the extra sulfur. 

Table I shows that the extra sulfur derived from cystine and 
glutathione appears in the urine much more rapidly than that from 
cysteine and methionine. The implications of this observation on 
the nitrogen to sulfur ratio as well as an analysis of the other data 
presented in Table I will be given in a subsequent communication 
on the effect of the ingestion of proteins by the cystinuric. 

The experiments with cystine, cysteine, and methionine were 
repeated on a second case of cystinuria with essentially the same 
results (ef. (18)). 

Our studies on the metabolic behavior of the sulfur compounds 
mentioned above in normal human beings and patients with 
muscular dystrophy will be the subject of a separate com- 
munication. 


DISCUSSION 


These studies tend to show that the metabolism of cystine may 
be quite different (Fig. 1) from that of cysteine” and that these two 
compounds are not as interchangeable in intermediary metabolism 


® Part of the extra sulfur after the feeding of dl-methionine is presum- 
ably unchanged amino acid. If the values in Table IV were corrected 
accordingly, then the sulfur partition of the methionine and cysteine experi- 
ments would be almost the same. 

10 This also holds true for homocystine (18-20) and homocysteine (un- 
published data). 
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as has been assumed generally (cf. (21, 22)). On the contrary, 
we must think of cystine and cysteine as two individual and sepa- 
rate amino acids. Even if we accept physicochemical experi- 
ments on pure solutions of cystine and cysteine to indicate that this 
system satisfies the requirements for thermodynamic reversi- 
bility (23), still the studies on the cystinuric show that the oxida- 
tion of cysteine to cystine takes place with greater ease than the 
reverse reaction. However, other experiments demonstrate that 
under conditions, particularly under stress (e.g. sulfur-deficient 
diets, bromobenzene feeding, certain in vitro experiments (24), 
etc.), the animal organism can probably reduce cystine and certain 
derivatives thereof (25). 

The experiments carried out on the living organism indicate that 
there are probably separate mechanisms for the oxidation of —SS— 
and —SH compounds. A mechanism for the oxidation of —SH 
compounds was recently demonstrated in kidney and also in liver 
by the in vitro experiments of Pirie (24) who failed, under his con- 
ditions, to find any evidence for the direct oxidation of cystine. 
The experiments presented in this paper show that cystine can be 
oxidized without previous reduction to cysteine. 

We do not believe that our findings can be explained by a differ- 
ential rate of absorption" for cystine and cysteine (27). In this 
connection reference should be made to Table I which clearly 
shows that the latter amino acid, notwithstanding its somewhat 
more rapid absorption, is much more slowly metabolized (cf. (28)). 

The observation that only extra cystine and no cysteine is found 
in the 24 hour specimens of urine following the administration of 
the latter amino acid indicates the possible réle of the kidney in 
the oxidation-reduction mechanism of the —SS—<«+—SH system. 
The earlier studies (1) suggest that cystine, at times, is not excreted 
by the cystinuric as the free amino acid but as some labile com- 
pound (a thio-substituted cysteine?) which spontaneously decom- 
poses in the urine to yield cystine. The nature and significance of 
this phenomenon and its possible bearing on stone formation in 
cystinuria remain obscure. 

It has been proposed (24) that the first step in the oxidation of 


1 The possible significance of experiments by London et al. (26) on the 
deamination of alanine and aspartic acid by the intestinal wall will be dis- 
cussed in a subsequent communication. 
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glutathione is the hydrolysis of the tripeptide into its constituent 
amino acids. If this were so, then the ingestion of glutathione 
should liberate considerable quantities of free cysteine. This 
should result in a great rise in the extra cystine as shown by our 
cysteine feeding experiments. However, the administration of 
reduced glutathione to our patient resulted in only a very slight 
rise in urinary cystine excretion, the largest part of the glutathione 
being oxidized to inorganic sulfate (Fig. 1). Therefore, the pri- 
mary hydrolysis of glutathione(—SH) is probably only one of the 
pathways, perhaps of minor importance, by which it can be catabo- 
lized. The greater part is either first oxidized to —SS— glutathi- 
one or both the —SS— and —SH forms are metabolized in an 
unconventional way, perhaps along the lines suggested by us in a 
previous communication (4, 5). Thus the metabolic behavior of 
an amino acid may vary markedly, depending upon whether it is 
catabolized as the free amino acid or in combined form as a peptide. 
It may be of interest to consider the results of the feeding experi- 
ments with cysteine, glutathione, and cystine in the light of our 
knowledge of their behavior during alkaline degradation (29-31). 
Thus, it has been found that the cysteine molecule as a whole is 
distinctly more resistant towards alkaline reagents than are cystine 
and glutathione. These in vitro observations may have some rela- 
tion” to the finding that the latter substances are oxidized by the 
cystinuric more completely and more rapidly than is cysteine. 
Regarding the metabolic interrelationship between cystine and 
methionine (2, 3), our findings point to a conversion of methionine 
into cysteine. Little is known of other pathways in the catabolism 
of methionine (for glucose formation cf. (32)) and even its conver- 
sion into cysteine is still obscure. However, unpublished experi- 
ments show that the initial reaction is probably a demethylation 
of methionine to homocysteine, since the latter amino acid fed to a 
cystinuric produces a great rise in cystine excretion (cf. (18)). 
The experiments on the ingestion of sulfur amino acids indicate 
that the fundamental difficulty in the cystinuric individual arises 
not from an inability to handle the cystine but rather the methio- 
nine in the food and also the cysteine which may be formed during 
protein digestion. This view finds further support in recently 
completed experiments on the feeding of casein and lactalbumin to 


12 We are indebted to Professor H. T. Clarke for this suggestion. 
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a cystinuric subject. Although the cystine excretion in cystinuria 
is caused mainly by dietary methionine, the inborn error of me- 
tabolism is concerned with the handling of cysteine. It is possible 
that the kidney is the site of this metabolic disturbance. 

The metabolic origin of the sulfhydryl group in biologically 
important compounds is not clear as yet, but it seems that, under 
conditions, methionine rather than cystine is its chief souree. In 
view of the apparent ease with which —SH is converted into 
—SS—.,, both in biological as well as in purely chemical systems, it 
appears that the potential —SH group in methionine is protected 
by a methyl group and is liberated by a process of demethylation. 
It should be considered that the methyl radical liberated from 
methionine is not necessarily oxidized but that it may be trans- 
ferred to other compounds; e.g., to furnish the methyl group in 
creatine.’* 

It should be further pointed out, in the light of our experiments, 
that the large amounts of cystine found in skin, nails, and hair 
may be derived, to a considerable extent, from cysteine and dietary 
methionine rather than from cystine itself. 

For many years cystine has been thought an essential amino 
acid; i.e., an absolutely indispensable dietary component which 
cannot be synthesized by the animal organism. The experiments 
of Jackson and Block (2) and of White and Lewis (3), together 
with the findings presented in this paper, make this statement no 
longer entirely true, since cystine can apparently be synthesized 
from -methionine. 


SUMMARY 


1. The metabolism of cystine, cysteine, methionine, and gluta- 
thione was investigated in a case of cystinuria. 

2. Cystine and glutathione are almost completely oxidized, the 
latter yielding a small amount of extra cystine. 

3. Cysteine and methionine are excreted largely as extra cystine, 
only a small part being oxidized to inorganic sulfate. Only cystine 
and no cysteine was found in the urine in these experiments. 


13 Chemical and metabolic studies with isocreatine (N-methyl-N’-car- 
boxymethylguanidine) have yielded no evidence in support of a pre- 
vious suggestion regarding the possible origin of the methyl group of 
creatine (33). 
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4. Cystine and cysteine should be considered as two individual 
and separate amino acids. 

5. Cystine can be catabolized without previous reduction to 
cysteine and glutathione without previous hydrolysis. 

6. There are probablys eparate mechanisms for the oxidation 
of —SS— and —SH compounds. 

7. The metabolic behavior of an amino acid may vary markedly, 
depending upon whether it is catabolized as the free amino acid or 
in combined form as a peptide. 

8. One of the pathways of methionine catabolism is its conver- 
sion into cysteine, the first step being probably a demethylation to 
homocysteine. 

9. The cystine excretion in cystinuria is caused mainly by 
dietary methionine, but the inborn error of metabolism is con- 
cerned with the handling of cysteine. 

10. The evidence presented in this paper, together with that 


from other sources, seems to indicate that cystine is not an essential 


amino acid, since it can be synthesized from methionine. 
11. Further implications of the findings have been discussed. 
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THE EFFECT OF INSULIN ON THE PURINE METAB- 
OLISM OF THE DALMATIAN COACH-DOG* 


By I. L. CHAIKOFF anp P. 8. LARSON 


(From the Division of Physiology, University of California Medical School, 
Berkeley) 


(Received for publication, July 30, 1934) 


In 1916 Benedict (1) discovered that the Dalmatian coach-dog 
occupies a unique position with regard to its purine metabolism. 
Not only does this breed differ from others by excreting several 
times as much endogenous uric acid per kilo of body weight as does 
man, but it differs also from man and the chimpanzee in that it 
eliminates a high percentage of allantoin. This metabolic anomaly 
is true only of the pure bred Dalmatian, for Onslow (2) found that 
hybrids obtained from a cross between a Dalmatian and a terrier 
excreted uric acid and allantoin in a proportion similar to that of 
other breeds. 

The Dalmatian, combining in one animal the excretion of both 
uric acid and allantoin in measurable amounts, provides a fertile 
field for the study of the metabolism of these two substances. In 
a previous communication (3) it was shown that insulin increased 
the excretion of allantoin in the urine of the ordinary breed of 
dog. It seemed of interest therefore to study the action of this 
hormone on the purine metabolism of the Dalmatian. 


’ EXPERIMENTAL 


Care of Animals—Pure bred adult Dalmatian coach bitches 
were used. The present investigation deals with two phases of 
the action of insulin on the purine metabolism of this breed. In 
the first part, in which the effect of insulin on the excretion of 
allantoin and uric acid in the urine was studied, the dietary treat- 
ment of the animals was similar to that of the normal dogs pre- 


* Aided by a grant from the Research Board of the University of 
California. 
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viously reported (3). The animals were maintained on a syn- 
thetic Cowgill diet (4) for long periods of time and the hormone 
injected only after a suitable constancy was observed in the daily 
amounts of total nitrogen, uric acid, and allantoin excreted in the 
urine. As reported in the previous communication (3), the dogs 
were fed once per day and the time intervals of catheterization 
planned with respect to the time of feeding so that samples of 
urine were obtained for a 5 hour period prior to feeding and for a 
19 hour interval after the ingestion of food. 

In the experiments dealing with uric acid of the blood, all the 
Dalmatians, with the exception of Dog L-A, received a Cowgill 
diet for several days before the injection of insulin. Dog L-A 
was maintained on a mixture of meat, fish, cod liver oil, and rice 
bran. The first sample of blood was removed from these animals 
as a rule 16 hours after the last meal. 10 units of insulin were then 
injected and blood samples taken for uric acid and for sugar esti- 
mations at stated intervals during the following 7 or 8 hours. 
The same procedure was adopted in the case of the control experi- 
ments except that 0.8 per cent saline was injected instead of 
insulin. 

Analytical Procedures 


Allantoin in the urine was determined by the method described 
by Read and Chaikoff (5); uric acid in the urine by the direct 
method of Benedict and Franke (6) with the modifications of 
Christman and Ravwitch (7). For blood uric acid, the recent 
colorimetric procedure of Folin (8) was employed, with the use of 
unlaked blood (9). Despite the fact that the Dalmatian excretes 
several times as much uric acid per kilo of body weight as does man, 
its blood uric acid is but slightly higher than that of other breeds 
of dogs. It was therefore found necessary to employ uric acid 
standards of greater dilution than the one recommended by Folin 
(8). A series of standards of varying dilutions was prepared for 
each analysis, and a standard corresponding closely with the 
unknown was used in the final colorimetric comparison. Blood 
sugar was determined by the copper-iodometric reagent of Shaffer 
and Somogyi (10), the filtrate being obtained by the precipitation 
of blood with zinc hydroxide (11). 
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Results 


Effect of Insulin on Excretion of Allantoin and Uric Acid in Urine 
of the Dalmatian Coach-Dog 


Dog P (Table I)—This animal received 10 units of insulin at 
7.45 a.m. (February 25), and by 12.30 p.m. the excretion of uric 
acid nitrogen rose to 93 mg. as compared with 42 mg. eliminated 
during the same interval on the previous day. This effect of 
insulin must have persisted for some time after the 5 hour interval, 
for the urine of the next 19 hour period contained an increased 
amount of uric acid. During the 5 hour interval of the following 
day, however, the amount of uric acid appearing in the urine was 
less. 

When the injection of insulin was repeated at the same time 3 
days later, an increased elimination of uric acid was again ob- 
served, but on this occasion the effect was noted only in the 5 
hour interval following the administration of the hormone. A 
decreased excretion, however, was again found in the 5 hour period 
of the following day. 

The amount of allantoin excreted by Dog P remained constant 
throughout the whole period of observation despite the injection 
of insulin on two occasions. 

It is important to note that an increased volume of urine was 
associated with the increased excretion of uric acid. Thus, when 
the amount of uric acid nitrogen for the 5 hour interval rose from 
a normal value of 42 mg. to 92 mg. after the injection of insulin 
(February 25), the volume of urine containing the latter amount 
was 240 cc. as compared with 125 cc. in which the 42 mg. were 
eliminated. Again on February 28, when the excretion of uric 
acid nitrogen rose from 36 to 72 mg., the urine volume for the 
respective periods of observation increased from 85 to 160 cc. 

Dog D-S (Table I)—The injection of 10 units of insulin in this 
animal led to an increase of over 100 per cent in the amount of 
uric acid excreted during the 5 hours immediately following the 
administration of the hormone. This effect was accompanied— 
as had been previously observed in Dog P—by a marked diuresis, 
the volume of urine for this period increasing by 100 cc. A slight 
rise in the output of uric acid was also noted in the next 19 hour 
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interval. This dog, however, in contrast to Dog P, showed no 
decrease in the elimination of uric acid in the 5 hour period of the 
following day. 10 units of insulin failed to influence the amount 
of allantoin excreted in its urine. 


Effect of Insulin on Blood Uric Acid in the Dalmatian Coach-Dog 


The changes produced by insulin in the uric acid of the blood of 
four Dalmatian dogs are shown in Table II for Dogs P, D-S, and 
L-A, and in Chart I for Dog S-S. The subcutaneous injection 
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Cuart I. The effect of insulin on the blood uric acid and blood sugar of 
Dalmatian Dog S-S. At 0 hour 10 units of insulin were injected subcutane- 
ously. @ indicates blood uric acid; O, blood sugar. 


of insulin led to an enormous increase in the uric acid content of 
the blood, the most marked rise occurring in Dog S-S, in which the 
blood uric acid rose from a normal value of 0.50 mg. per cent to 
1.62 mg. per 100 cc. of blood, an increase of over 200 per cent. 
Maximum values of 1.28, 1.30, and 1.30 mg., which in all animals 
were observed approximately 3 hours after the injection of the 
hormone, were obtained in Dogs D-S, P, and L-A respectively, 
as compared with values of 0.50, 0.44, and 0.44 mg. per cent found 
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in these animals just prior to the administration of the hormone. 
It is interesting to note that the blood uric acid in all four animals 
had not changed 1 hour after the administration of insulin (at 
which time, however, the blood sugar had already fallen consider- 
ably), but that at the 2nd hour following the injection of the 
hormone the uric acid content of the blood had already risen to 
Taste II 
Effect of Insulin on Blood Uric Acid of Dalmatian Coach-Dogs 














Weight Time Blood uric acid Blood sugar 
kg. min. mg. per cent mg. per cent 

Dog P 19.0 0 0.50 80 
2 10 units insulin subcutaneously 

60 0.52 45 

123 0.78 28 

181 1.28 23 

238 1.14 27 

346 0.82 62 

455 0.44 80 

Dog D-S 20.5 0 0.44 79 
2 10 units insulin subcutaneously 

57 0.44 49 

120 1.13 42 

180 1.30 41 

245 1.16 45 

302 0.99 52 

465 0.57 105 

Dog L-A 18.0 0 0.44 83 
3 10 units insulin subcutaneously 

55 0.48 49 

107 0.87 38 

170 1.30 40 

227 1.14 37 

316 0.94 51 

437 0.56 88 

















high levels. The return of the blood uric acid to the normal level 
in these animals was observed between 7 and 8 hours after the 
injection, the time of this occurrence corresponding closely with 
the return of the blood sugar to values that were either normal or 
slightly above normal. 

As control experiments, three of the Dalmatian dogs received 
subcutaneous injections of 2 cc. of sterile 0.8 per cent saline. No 
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significant changes were found in the uric acid content of the blood 
during the 7 or 8 hours following the injection of the saline. 


Effect of Insulin on Blood Uric Acid of the Dalmatian Coach-Dog 
Ingesting Glucose 

Three animals received 100 gm. of glucose by mouth and 30 min- 

utes thereafter 10 units of insulin (Chart II). In one of these dogs, 

namely Dog L-A, the blood sugar remained at or above the normal 
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Cuart II. The effect of glucose along with insulin on blood uric acid and 
blood sugar of Dalmatian Dog D-S. At 15 minutes 100 gm. of glucose were 
fed; at 45 minutes 10 units of insulin were injected subcutaneously. @ 
indicates blood uric acid; O, blood sugar. 


level throughout the whole period of observation, whereas in Dogs 
P and D-S, although the blood sugar rose as high as 155 mg. per 
cent during the course of the experiments, it nevertheless dropped 
below the normal level for short intervals. The blood uric acid in 
all three animals showed no significant alterations. Thus the 
initial values prior to the administration of insulin and glucose 
were 0.43, 0.46, and 0.46 mg. per cent in Dogs L-A, P, and D-S 
respectively, and the maximum values observed during the course 
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of these experiments were respectively 0.55, 0.54, and 0.52 mg. per 
cent. These results show that insulin does not influence the 
purine metabolism of the Dalmatian dog in the absence of hypo- 
glycemia. 


DISCUSSION 


The ability of insulin to influence purine metabolism has been 
demonstrated both in the dog of ordinary breed (3) and in the 
Dalmatian. In the former, in which allantoin is the chief end- 
product of purine metabolism, a pronounced increase in the 
excretion of this substance in the urine followed the subcutaneous 
administration of insulin. The Dalmatian responded to the 
injection of insulin by a considerable increase in the elimination 
of uric acid in the urine, the amount of allantoin in the urine, 
curiously enough, remaining unchanged despite the fact that an 
increased urinary volume was observed during the period in 
which the greater amount of uric acid made its appearance. 

The relation of the kidneys to the increased elimination of uric 
acid by the Dalmatian coach-dog is obviously of significance in 
any interpretation to be placed upon this effect of insulin. Thata 
diuresis can bring about an increased excretion of uric acid in the 
urine has been shown by Krafka (12) for the Dalmatian coach- 
dog. It is therefore of importance to know whether insulin caused 
an increased excretion of uric acid by means of a diuresis or whether 
the diuresis was secondary to a piling up of uric acid in the blood 
and kidneys. Suggestive evidence that this effect of insulin on 
the Dalmatian is not entirely the result of a diuresis is offered by 
the experiments on the dog of ordinary breed in which an increased 
elimination of allantoin in the absence of a change in urinary 
volume was observed after the injection of insulin. Moreover, 
although it is conceivable that once the diuresis has been estab- 
lished some ‘‘washing-out” of uric acid from the kidneys may have 
occurred, nevertheless the accumulation of uric acid in the blood 
of the Dalmatian observed simultaneously with the increased 
elimination in the urine definitely places the main seat of action 
of insulin upon purine metabolism elsewhere than in the kidneys. 
Indeed, the parallelism in the rise of uric acid in blood and urine 
leaves little doubt that uric acid of the blood is the source of 
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some, if not all, of the extra uric acid that appeared in the urine 
of the Dalmatian coach-dog following the administration of in- 
sulin. 

The difference in the response of allantoin to insulin in the two 
breeds of dogs is striking. In the Dalmatians 10 units of the 
hormone produced no change whatsoever in the elimination of 
allantoin, whereas in the ordinary breed the injection of an 
equivalent dose of insulin per kilo of body weight practically 
doubled the excretion of allantoin during the next 5 hours. The 
interpretation of this variation is beset with difficulties inasmuch 
as the interrelation of uric acid and allantoin in the Dalmatian 
dog is as yet poorly understood. It seems definitely established 
that in the ordinary breed of dog allantoin is the end stage of 
purine metabolism (13, 14). The results of the present investiga- 
tion, however, raise the question whether uric acid occupies the 
same intermediary position in the purine metabolism of both 
breeds of dogs. That uric acid may be pursuing different paths in 
the two types of animals has been previously suggested by the 
observation that most, if not all, of the uric acid administered to 
the Dalmatian may be quantitatively recovered in the urine 
(1, 15). 

Although the blood sugar of the Dalmatian showed a prompt 
response to 10 units of insulin, being markedly reduced at the end 
of the Ist. hour after the injection of the hormone, the rise in the 
blood uric acid was much delayed. Thus at the end of the 1st 
hour practically no alteration in the level of the blood uric acid 
was found, despite the fact that the blood sugar had already fallen 
to values as low as 45 mg. per cent. At the end of the 2nd 
and 3rd hours, however, the blood uric acid had risen to values 
several times those of the control period. It would seem that a 
definite interval, at least 1 hour, exists between the injection of 10 
units of insulin and the beginning of the rise in the blood uric 
acid. The fact that the blood sugar had already fallen before the 
uric acid began to rise suggested that the increased concentration 
of uric acid that follows the injection of insulin may be dependent 
upon the hypoglycemia rather than upon the insulin per se. This 
indeed was shown to be the case by the experiments in which glu- 
cose was administered just before the injection of insulin with the 
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result that no fall in blood sugar occurred throughout the period 
of observation. Under these conditions no change whatever was 
obtained in the blood uric acid, although the animal had received 
10 units of insulin. These results make it clear, therefore, that 
hypoglycemia is a necessary precursor to the rise in blood uric 
acid observed after the injection of this hormone. It does not 
necessarily follow, however, that under normal conditions the 
level of the blood uric acid is determined by that of the blood 
sugar, since the rise in the uric acid of the blood in the present 
investigation occurred only after the blood sugar had been main- 
tained at lowered levels for at least 1 hour, a condition that seems 
not to be found normally. 

It is interesting to recall in this connection that Quick (16) 
failed to observe a rise in the blood uric acid of man following the 
injection of insulin. This may have been due to the absence of 
hypoglycemia, since sucrose was ingested simultaneously with the 
administration of insulin. On the other hand, the possibility of 
a species difference must be recognized in connection with purine 
metabolism. 


SUMMARY 


A study was made of the effects of insulin on the purine metab- 
olism of the Dalmatian coach-dog. 

1. Insulin led to an increased output of uric acid in the urine. 
The excretion of allantoin was not influenced by the hormone. 

2. Insulin produced a marked rise in the uric acid of the blood, 
the maximum effect being observed 3 hours after the administra- 
tion of 10 units of the hormone. A peculiarity of this action of 
insulin was the delay in the beginning of the rise of the blood uric 
acid. A definite interval of at least 1 hour existed between the 
time of injection of the hormone and the beginning of this rise. 
1 hour after the injection of insulin the uric acid of the blood was 
still normal despite the fact that the blood sugar had already 
fallen to low levels. 

3. The hyperuricacidemia, which followed the injection of 
insulin, was dependent upon a hypoglycemia, for when the occur- 
rence of the latter was inhibited by the ingestion of glucose just 
prior to the administration of the hormone the blood uric acid 
failed to rise above normal. 
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THE PREPARATION OF THE OPTICALLY ACTIVE ISOMERS 
OF HOMOCYSTINE AND THE DEMONSTRATION OF 
THEIR CONFIGURATIONAL RELATIONSHIP TO 
NATURALLY OCCURRING METHIONINE 


By VINCENT pv VIGNEAUD anv WILBUR I. PATTERSON 


(From the Department of Biochemistry, School of Medicine, George Wash- 
ington University, Washington) 


(Received for publication, December 28, 1934) 


The present study was undertaken in order to make available 
for physiological studies the optically active isomers of homo- 
cystine. The resolution of homocystine was therefore attempted 
by means of the alkaloid salts of its various acyl derivatives. 
Much difficulty, however, was encountered. It was suspected 
that the presence of the meso isomer in the inactive material was 
very likely the cause of the difficulty. Since no efficient means of 
separating the meso and racemic isomers from each other has as 
yet been attained, a new method of approach was desirable where- 
by interference by the meso form could be avoided. 

It is quite apparent that by reduction of homocystine only the 
racemic form of homocysteine is obtained, no matter which inac- 
tive isomer is started with, the meso or racemic. By resolving the 
reduced material, therefore, the possibility of interference by the 
meso form could thus be eliminated. However, some means of 
covering the sulfhydryl group is necessary because the resolution 
of the free sulfhydryl form obviously presents certain difficulties. 
For this purpose the sulfhydryl group was covered by a benzyl 
radical and the resulting dl-S-benzylhomocysteine was resolved. 
This was accomplished by means of the brucine salt of the formyl 
derivative. 

The benzyl derivative was purposely selected on the basis of 
previous experiences in this laboratory with S-benzyl-l-cysteine 
(1). It was found that the latter could be converted readily to 
cystine by reduction in liquid ammonia with metallic sodium fol- 
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lowed by oxidation of the sodium cysteinate. Furthermore, no 
detectable racemization was encountered. A similar reduction of 
dl-S-benzylhomocysteine followed by oxidation led to excellent 
yields of homocystine. This method was therefore employed for 
the conversion of the active isomers of S-benzylhomocysteine 
obtained from the resolution of the N-formyl-dl-S-benzylhomo- 
cysteine to the corresponding active homocystines. Both isomers 
were obtained in a high degree of purity and in excellent yields. 

In order to test the completeness of resolution of the homo- 
cystine and, furthermore, to demonstrate the configurational 
relationship between the active isomers of homocystine and those 
of methionine, the former were converted to the corresponding 
methionines by reduction and subsequent methylation. From 
the homocystine that possessed a rotation of [a]?* = +77° in acid 
solution, /-methionine identical with the naturally occurring 
methionine was obtained, demonstrating that this isomer of homo- 
cystine corresponds in spatial configuration to the naturally occur- 
ring series of amino acids. Furthermore, the rotation of the 
methionine so obtained was as high as that isolated by du Vigneaud 
and Meyer (2) from the enzymatic hydrolysis of casein, thus 
affording evidence of the completeness of the homocystine resolu- 
tion presented. The levorotatory homocystine was likewise 
reduced and methylated, and d-methionine was obtained with a 
rotation as high as that obtained by Windus and Marvel (3) in 
their resolution of methionine. 

Naturally occurring /-methionine was also converted to homo- 
cystine by refluxing it with 4 volumes of 18 n H,SO, (4, 5) and 
neutralizing the reaction mixture with NH,OH. The homocystine 
so obtained had a specific rotation of +60° in HCl. Some race- 
mization had occurred in the reaction as would be expected. 
The direction of rotation of the product, however, confirmed the 
configurational relationship found above in the conversion of the 
homocystine isomers to their corresponding methionines. The 
formation of this isomer of homocystine from natural methionine 
by H,S0, also offers an alternative method for its preparation, for 
we have found that a sample with such a rotation as that given 
above can be raised to a maximum by a few recrystallizations from 


water. 
The specific rotations of the above isomers of homocystine were 
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determined under the conditions usually employed for I-cystine, 
namely a 1 per cent solution of the compound in 1 Nn HCl. How- 
ever, when the solvent for rotation was changed from HCl to 
water, the direction of rotation was reversed, similar to the be- 
havior of methionine, but in contrast to that of cystine. It has 
been shown, for example, that cystine has a negative rotation in 
water as well as in HCl (6). On the other hand /-methionine, 
which has a negative rotation in water, possesses a positive rota- 
tion in acid solution (3). Correspondingly, the homocystine 
isomer with a specific rotation of +77° in HCl! possesses a rotation 
of —16° in water. We shall therefore designate this isomer, 
which we have shown to be related configurationally to [-meth- 
ionine, as l-homocystine. Since all the naturally occurring amino 
acids whose configurations have been established have been shown 
to belong to the same series, the above notation will harmonize 
as well with the system by which all members of this series are 
designated J-amino acids regardless of the observed direction 
of rotation (7). 


EXPERIMENTAL 


Preparation of dl-S-Benzylhomocysteine—5 gm. of inactive homo- 
cystine were added to approximately 50 cc. of dry liquid NH; in 
a 3-neck flask fitted with a mercury seal mechanical stirrer and a 
CaCl, tube. The flask was immersed in a cooling mixture of CO, 
and ether. Sodium was added to the flask in small portions until 
a very slight excess was indicated by the persistence of the blue 
color. To this solution 5 cc. of benzyl chloride were slowly 
added. After removal of the excess NH; the residue was dissolved 
in water and the solution neutralized with HCl. The precipitate 
was filtered, washed with water, and finally with alcohol. 8 gm. 
of the crude dl-S-benzylhomocysteine, representing 95 per cent of 
the theoretical yield, were obtained. The product was sufficiently 
pure to proceed with the formylation. The recrystallized product 
melted at 240—250° (corrected) with previous darkening, which is 
higher than that previously reported by Butz and du Vigneaud (4). 

Preparation of N-Formyl-dl-S-Benzylhomocysteine—A mixture 
of 25 gm. of dl-S-benzylhomocysteine with 200 cc. of 85 to 90 per 
cent formic acid was warmed to 50-60° and 70 cc. of acetic anhy- 
dride were added from a separatory funnel at such a rate that the 
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liberated heat maintained a temperature of approximately 60°. 
The solution was then allowed to cool and 70 cc. of water were 
added to decompose any remaining acetic anhydride. The 
solution was concentrated in vacuo, the resulting oil was dissolved 
in 25 cc. of hot acetone, and 100 cc. of benzene were then added. 
After standing in the ice box overnight, the precipitate was filtered. 
The filtrate was concentrated to 50 cc. and a further quantity 
obtained. The combined precipitates amounted to 23.6 gm. of 
colorless plates melting at 85-86° (corrected), representing a yield 
of 84 per cent of the theoretical. The product for analysis was 
dried over P,O; at 61° in vacuo and had the following composition. 


4.399 mg. substance: 0.214 cc. N at 27° and 760 mm. 


0.1277 gm. ” : 0.1198 gm. BaSO, (Parr bomb) 
C.2H,,0;NS. Calculated. N 5.53, S 12.66 
Found. ** 5.53, “ 12.88 


Resolution of N-Formyl-dl-S-Benzylhomocysteine—10 gm. of 
N-formyl]-dl-S-benzylhomocysteine were dissolved in 15 cc. of 
methyl alcohol at room temperature and to this solution were 
added 15.7 gm. of anhydrous brucine in 15 ec. of methyl alcohol. 
The mixture was cooled in an ice-salt bath and the precipitate was 
filtered and washed with small portions of cold methy! alcohol. 
The precipitate amounted to 12 gm. and possessed a rotation of 
[a]2° = —13° for a 1 per cent solution in methyl alcohol. A 
further amount of 1 gm. was obtained by adding 50 cc. of ethyl 
acetate to the above filtrate and allowing the solution to remain 
in the ice box overnight. The separation of this brucine salt was 
sufficiently complete so that the mother liquor could be worked up 
directly for the other isomer as will be described later. The above 
precipitates were combined and recrystallized from 130 cc. of 
methyl alcohol. A yield of 9 gm. of product with a rotation of 
[a]? = —16° was obtained. Another recrystallization raised the 
specific rotation to [a]?° = —17°, which remained constant upon 
further recrystallization. The compound after being dried over 
P.O; at 100° melted at 125-128° and had the following composition. 


3.968 mg. substance: 0.237 cc. N at 25° and 759 mm. 


0.1429 gm. ” : 0.0511 gm. BaSO, (Parr bomb) 
CyHyO7N3S. Calculated. N 6.49, S 4.95 
Found. ** 6.83, “4.91 
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Isolation of S-Benzyl-d-Homocysteine—19.3 gm. of the dried 
brucine salt of N-formyl-S-benzyl-d-homocysteine were shaken 
with 50 cc. of chloroform and 100 cc. of 1 n NH,OH, the aqueous 
layer was further extracted with two 10 cc. portions of chloro- 
form, and then concentrated to about 75 cc. in vacuo in order to 
remove the excess NH;. The resulting solution was neutralized 
to litmus with HCl and then sufficient HCl added to make the 
solution 1 N. After being refluxed for 1 hour, the reaction mixture 
was neutralized to litmus in the cold with NH,OH. 6.4 gm. of 
S-benzyl-d-homocysteine, representing 96 per cent of the theo- 
retical amount expected, were obtained. This product can be 
used directly for the conversion to d-homocystine. The com- 
pound purified by recrystallization from water melted at 247—252° 
(corrected) with previous darkening and possessed « rotation of 
[a]2° = —25° for a 1 per cent solution in 1 N HCl. The product 
had the following composition. 


4.394 mg. substance: 0.237 cc. N at 23° and 753 mm. 
C;,H.;0.NS8. Calculated, N 6.22; found, N 6.16 


Conversion of S-Benzyl-d-Homocysteine to d-Homocystine—6.4 
gm. of S-benzyl-d-homocysteine dissolved in 40 cc. of liquid NH; 
were treated with a slight excess of sodium. The NH; was allowed 
to evaporate spontaneously and the residue was dissolved in 60 
cc. of water. 0.1 gm. of FeCl;-6H:O was added and air passed 
through the solution until the nitroprusside test for the sulfhydryl 
group was negative. The precipitate of ferric hydroxide was then 
filtered and the clear solution neutralized to litmus with HCl. 
2.85 gm. of d-homocystine were obtained, representing 75 per 
cent of the theoretical yield from the benzyl derivative. This 
product had a rotation of {a]?* = —73° for a 1 per cent solution in 
1 Nn HCl. Two recrystallizations from water raised the rotation 
to [a] = —77°. The specific rotation of a 0.06 per cent solution 
in water was [a]?! = +16°. The product melted with decompo- 
sition at 281-284° (corrected) and had the following composition. 


3.248 mg. substance: 0.298 cc. N at 23° and 760 mm. 
CsH.1cO.N282. Calculated, N 10.44; found, N 10.58 


Isolation of l-Homocystine—The original mother liquors from 
the crystalline brucine salt of N-formyl-S-benzyl-d-homocysteine 
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were concentrated to 30 cc. and then decomposed as described 
above for the preparation of S-benzyl-d-homocysteine. The 
conversion of the resulting S-benzyl-l-homocysteine to /-homo- 
cystine was carried out in the same manner as described for 
d-homocystine. The crude /-homocystine had a rotation of 
[a]? = +55° in HCl. A few recrystallizations from water 
yielded a product with a rotation of [a]? = +77° for a 1 per cent 
solution in 1 N HCl and a rotation of [a]2) = —16° for a 0.06 per 
cent solution in water. The yield of the homocystine was 
approximately the same as that obtained for d-homocystine, based 
on the original inactive material. 

Conversion of Active Isomers of Homocystine to Corresponding 
Methionines—0.16 gm. of the above l-homocystine was converted 
to methionine by reduction and subsequent methylation according 
to the procedure described by du Vigneaud, Dyer, and Harmon 
(8). 0.08 gm. of methionine was obtained, possessing a rotation 
of [a]® = —7.7° for a 1 per cent solution in water. The meth- 
ionine so obtained was identical with that of an authentic sample 
of naturally occurring methionine. 

The d-homocystine was likewise converted to the corresponding 
methionine, yielding a product with a rotation of [a]?°> = +8.0° in 
H.0 and a rotation of [a] = —22° for a 1 per cent solution in 0.2 
n HCl. 


SUMMARY 


The preparation of both optically active isomers of homocystine 
has been presented. N-Formyl-di-S-benzylhomocysteine was 
resolved by means of brucine, and the optically active benzyl- 
homocysteines obtained from the brucine salts of the formyl 
derivatives were converted to the corresponding homocystines 
by scission of the benzyl group by sodium in liquid ammonia and 
oxidation of the resulting sodium homocysteinates. Both isomers 
were obtained in a high degree of purity and in excellent yield. 

The optical isomers of homocystine so obtained were converted 
to the corresponding methionines. The homocystine, possessing 
a specific rotation of [a]2° = +77° in hydrochloric acid solution 
and a rotation of [a]? = —16° in aqueous solution, yielded J- 
methionine identical with the naturally occurring methionine. 
This isomer of homocystine which we have designated /-homo- 
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cystine therefore corresponds in spatial configuration to the 
naturally occurring series. This was confirmed by the conversion 
of naturally occurring methionine to this same enantiomorph of 
homocystine. The d-homocystine was also converted to d- 
methionine. 

The magnitude of the rotations of the methionines obtained 
from the active homocystines was as great as either that of -meth- 
ionine isolated from casein by enzymatic hydrolysis or that of the 
l- and d-methionines obtained in the resolution of dl-methionine, 
thus demonstrating the completeness of the resolution of homo- 
cystine which has been presented. 
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EVIDENCE OF ADSORPTION EXPERIMENTS ON THE 
FORMS OF CALCIUM AND INORGANIC PHOS- 
PHORUS IN BLOOD SERUM 


By DAVID M. GREENBERG anp CLARENCE E. LARSON 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, July 2, 1934) 


It has been known, since the pioneer investigation of Rona and 
Takahashi (1), that the calcium of the blood stream exists in more 
than one form. Starting from this investigation there have been 
developed well defined procedures for fractionating the serum cal- 
cium into a diffusible and a non-diffusible component either by 
ultrafiltration or by compensation dialysis through collodion mem- 
branes. Many investigators assume that the calcium is present 
in more than one chemical state in both the diffusible and non- 
diffusible fractions of the serum. 

In the present communication there will be mainly considered 
the claims for the existence of more than one form of calcium in the 
diffusible fraction. In this fraction, it has been proposed by 
Greenwald, Sendroy and Hastings, Klinke, Brull, and others (see 
(2) for literature) that there is present, besides ordinary calcium 
ion, an unknown organic citrate-like calcium compound. Accord- 
ing to the work of one of us and L. D. Greenberg (2) there is no 
good positive evidence for the existence of such a compound. 
However, there also is no evidence which completely rules out its 
existence. 

Since the appearance of the above paper, Benjamin and Hess 
(3-5) have published the results of a study of the adsorbent action 
of BaSO, on serum. From this work they conclude that calcium 
is present in at least four forms in normal serum, two diffusible 
and two non-diffusible. They found no evidence for an organic 
calcium compound, but instead concluded that besides calcium 
ion, the diffusible calcium consists of a specific calcium-phosphorus 
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complex which experimentally is characterized by being adsorb- 
able. According to them, calcium ion as such is not adsorbable 
by BaSOQ,. The presence of this adsorbable calcium-phosphorus 
substance is not limited to blood since they state that it is spon- 
taneously formed in artificial salt solutions that are buffered at a 
pH below neutrality. Benjamin and Hess attribute important 
physiological functions to this adsorbable compound in normal 
bone calcification and believe that it is abnormally low and there- 
fore the cause of the faulty calcification in rickets. Because of 
these important implications, it is desirable carefully to examine 
the basis of the claims for the existence of the adsorbable calcium 
phosphate. Our adsorption experiments were initiated to investi- 
gate the claims for the citrate-like organic calcium compound. 
With the appearance of the above publications, the experiments 
were extended to cover the adsorbable calcium-phosphorus com- 
plex. The results obtained, in our estimation, do not support the 
claims for the existence of any special form of diffusible calcium 
other than ordinary calcium ion. 


EXPERIMENTAL 


The experiments were carried out on blood serum, the ultra- 
filtrates of blood serum, and on artificial serum solutions prepared 
from the inorganic components in the proportion in which they are 
present in blood. Sealed tubes containing the liquid and adsorbent 
were agitated in a mechanical shaker for periods of 3 hours or longer. 
The adsorbents employed were BaSQ,, kaolin, and permutit. 
These were prepared in the manner given below. 

BaSO, Preparation 1—This was prepared, as described by Ben- 
jamin and Hess, from BaNO; and H.SO,;. The precipitate was 
dried in an oven at 100°. 

BaSO, Preparation 2—Equivalent amounts of hot dilute solu- 
tions of Na,SO, and BaClh were mixed. The precipitate was 
filtered, washed with water and alcohol, then dried by washing 
with ether. . 

BaSO, Preparation 3—This was prepared by mixing equivalent 
portions of cold concentrated NasSO, and BaCl; solutions. The 
finely divided precipitate was washed with dilute NaCl solution 
by centrifugation and then dried with alcohol and ether. 

BaSO, Preparation 4—This was prepared by pouring 1 mole of 
cold saturated BaCl, into 2 moles of cold saturated Na,SO, solu- 
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tion. This forms a coagulum which breaks up into an extremely 
finely divided suspension on vigorous agitation. It is necessary 
to wash the precipitate by decantation with dilute NaCl in order 
to prevent a complete colloidal dispersion which is produced if it is 
washed with distilled water. After being’ washed with large 
quantities of 1 per cent NaCl solution until no further test for sul- 
fate is obtained, the adsorbent is placed on a filter and dried by 
washing with alcohol and ether. 

BaSO, Preparation 5—This was prepared on the same principle 
as Preparation 4, but with the idea of building up a Ba layer on 
the crystal surface. In this preparation, 1 mole of Na2SO, solution 
is poured into 2 moles of BaCl, solution. In washing this precipi- 
tate, 1 per cent NaCl solution and then alcohol were used to pre- 
vent colloidal dispersion. The preparation was then dried with 
alcohol and ether. 

Permutit—This was washed with distilled water and dried 
in vacuo. 

Kaolin—Kaolin was prepared by washing with 1 n HCl, then 
water, and drying in vacuo. 

The analytical methods used in this investigation were Kirk 
and Schmidt’s (6) for calcium, Fiske and Subbarow’s (7) for phos- 
phate, and Morgulis and Hemphill’s (8) for sulfate. pH measure- 
ments were carried out by means of the glass electrode. 

The few electro-osmosis experiments to determine the electrical 
charge of certain of the BaSO, adsorbents were carried out in a 
cell consisting of a U-tube, the two arms of the tube being sepa- 
rated by a 4 mm. bore stop-cock. In carrying out a determina- 
tion the stop-cock bore was tightly packed with the BaSO, to be 
tested and the solution introduced to an equal height in each arm 
of the cell. First, however, the BaSO, was shaken with a portion 
of the test solution. A 110 volt direct current was led in through 
platinum electrodes and the direction of the water osmosis was 
determined by the changes in level of the solution produced in the 
two arms of the cell. 


Evidence of Adsorption on Claims for a Citrate-Like Complex 
Calcium Ion in Blood Serum 


The results of adsorption experiments have been offered as proof 
of the presence of a negatively complex calcium ion in the blood. 
Thus Klinke (9) states that, while such positive adsorbents as 
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Ca3(PO,)2, bone, BaSO,, and MgNH,PO, remove calcium from 
blood serum, the negative adsorbents, kaolin and animal charcoal, 
do not. This alleged evidence can be readily shown to be without 
foundation. BaSO, adsorbs calcium from artificially prepared 
salt solutions containing no organic material. This has been shown 
by Benjamin (4) and was readily demonstrated by us. 

The claim that negatively charged adsorbents will not adsorb 
calcium from serum also is not correct for all of them. In Table 


TABLE I 


Adsorption of Calcium from Serum and Serum Ultrafiltrates by Certain 
Negatively Charged Adsorbents 
































Calcium Phosphate 
| Amount 
Adsorbent | Fluid aden. | a8 | B | ae] F | Sse 
et | 22/3 | 22] § 
a*| 3 ja°| 3 
| 
| a [nfo we 00 er Yo ne fo 
Permutit Serum A 3 10.8} 6.4 | 6.3 | 0.8 8.0 
10 10.8) 8.7 | 6.3 | 2.3 3.8 
30 10.8) 9.8 | 6.3 | 3.6 2.7 
| Ultrafiltrate | 3 7.0) 5.1 | 6.5 | 0.7 7.3 
| of Serum A‘; 10 7.0} 6.2 | 6.5) 1.9 3.3 
| | 30 | 7.0/6.3/6.5/3.2]| 1.9 
Kaolin (acid- Serum A | 3 10.8} 0.1 | 6.3 | 0.8 0.1 
washed) 10 10.8, 1.0 | 6.3 | 1.2 0.8 
30 10.8) 3.8 | 6.3 | 1.8 2.1 
Ultrafiltrate 3 | (7.0/0.6/6.5/0.1| 6.0 . 
of Serum A 10 7.0} 1.3 | 6.5 | 0.5 2.6 
| 30 7.0| 2.6 | 6.5 | 1.9 1.3 





I there are presented the adsorption results obtained on beef serum 
and the ultrafiltrates from the same serum. It is seen from Table 
I that both kaolin and permutit, which are negative adsorbents, 
have removed calcium from the serum and from the ultrafiltrate. 
Also, they adsorb phosphate. These data do not bear out the 
claim that only positive adsorbents remove calcium from blood 


serum. 

To test the influence of a negatively charged complex on adsorp- 
tion, some experiments were carried out with solutions containing 
citrate. These are given in Table II. When citrate is present in 
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considerable amount, as is seen from Table II, instead of calcium 
being more readily adsorbed by the positive adsorbent BaSO,, no 
adsorption at all is obtained as long as phosphate is absent. When 
phosphate is added to the same solution, some adsorption of cal- 
cium takes place, but not nearly to the same extent as from citrate- 
less solutions. 

The concentration of citrate is of importance in connection with 
this effect, as is shown in Table II. In this experiment the ad- 
sorption by BaSO, and kaolin was tested on an inorganic serum 


TaBLe II 


Adsorption with BaSO, Preparation 3 from Inorganic Serum Solutions 
Containing Citrate 














A Calcium Phosphate 
mount 
Inorganic serum solution oft. Ini- Ini- 
ent | pmmeta| "Ped |prae | sorbed 
gm. per | mg. per| mg. per | mg. per| mg. per 
100 ml. | 100 ml. | 100 ml. | 100 ml. | 100 ml. 
Buffered with 0.05 m citrate, pH 6.7 
No phosphate or bicarbonate 10 12.6 | 0 0 
30 12.6 | 0 0 
Phosphate added 10 12.6 | 0.7 | 11.1] 0 
30 12.6 | 2.0 | 11.1] 0 
Buffered with bicarbonate, 1 mole ci- 
trate added per mole Ca present 
No phosphate 10 7.2] 2.1 0 
30 7.2| 3.2 | 0 
Phosphate added 10 6.8 | 3.1 8.3 | 2.0 
30 6.8 | 4.7 | 8.3] 3.4 

















solution containing citrate in the proportion of 1 mole of citrate 
to 1 mole of calcium. Both with phosphate absent and present, 
BaSO, removes calcium to a lesser extent than in the absence of 
citrate. However, just as was noted by Greenberg and Green- 
berg with the electrodialysis method, detection of a small quantity 
of a citrate-like calcium compound in blood is not feasible with 
any of the above adsorbents. 


Adsorbable Calcium-Phosphorus Complex of Benjamin and Hess 


An analysis of the evidence for the existence of the special ad- 
sorbable calcium-phosphorus complex proposed by Benjamin and 
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Hess will now be undertaken. Among the arguments advanced 
by these authors in favor of their thesis, the most important are 
those given below. (1) Adsorption of calcium does not take place 
from solutions of such simple salts as the chloride, phosphate, and 
gluconate of calcium, so presumably calcium ion, as such, is not 
adsorbable. Adsorption of calcium in the presence of phosphate 
does take place when the solution is buffered at an alkaline pH by 
such substances as bicarbonate, sodium o-nitrophenol, sodium di- 
ethylbarbiturate, pyridine, and aniline. (2) Barium sulfate removes 
an approximately constant amount of calcium and phosphate from 
normal serum or ultrafiltrates, leaving a residue of calcium in the 
ultrafiltrate which agrees with the values in the literature for the 
ionic calcium of the serum. (3) The residue of calcium left be- 
hind after one adsorption by barium sulfate is not adsorbed by the 
immediate addition of fresh adsorbent, a supposed demonstration 
that the adsorbable calcium phosphate has been completely re- 
moved and the ionic calcium in the residue is not adsorbable. 
However, after a lapse of 24 hours, more of the calcium becomes 
adsorbable. 

We do not question the experimental data of Benjamin and Hess 
—indeed we have confirmed most of their findings. However, to 
confirm their observations, it is necessary to use a BaSQO, adscrbent 
prepared essentially according to the directions of these authors; 
namely, from a sulfuric acid solution. In our estimation, quite a 
different interpretation can be placed upon their experiments than 
the one which these authors give. Our view-point is based on the 
experimental evidence given below which indicates that the adsorp- 
tive behavior of BaSO, preparations depends upon (1) the method 
of preparation, (2) the nature of the anions in the solution, and 
(3) the pH of the solution. 

In the first instance, exception may be taken to the widely 
prevalent view that only one-third to one-half of the diffusible cal- 
cium of the blood is present as calcium ions. A critical examina- 


1 While the analysis in the text is confined to the evidence for the exist- 
ence of an ultrafiltrable calcium-phosphorus complex, it appears, par- 
ticularly from the work of Benjamin and Hess on hypercalcemic sera (5), 
that no specific fractionation of the non-diffusible components is obtained 
by BaSO, adsorption. This view is based on the widely varying ratios of 
adsorbed calcium to phosphorus reported. 
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tion of the experimental measurements offered in support of this 
low level for the content of calcium ions in the blood (see (2)) 
shows that most of the experimental methods which have been 
employed for this purpose are objectionable, and that the results 
obtained by them have little weight. Evidence which favors a 
level of ionic calcium nearly equivalent to the values for the diffus- 
ible calcium of biological fluids has recently been offered by Mc- 
Lean and Hastings (10). The method used by these authors was 
based on the effect of calcium on the contraction response of the 
isolated frog heart. 

Secondly, all BaSO, preparations do not show the same activity 
and it is readily possible to prepare BaSO, adsorbents of varying 
degrees of efficiency, ranging from ones which only have a small 
calcium adsorptive power to others with a higher efficiency than 
the BaSO, of Benjamin and Hess. Coarse precipitates formed 
from hot dilute solutions, as might be expected from known colloi- 
dal principles, were found to be poorer adsorbents than finely 
divided precipitates prepared from concentrated cold solutions. 
Further, on similar lines, an adsorbent prepared from an excess of 
sulfate ion is more effective in adsorbing the cation calcium, and 
one prepared from barium excess is more efficient for phosphate. 
In this way the amounts of calcium and phosphate adsorbed can 
readily be altered. These factors are well illustrated by the data 
given in Table III. 

In the adsorptive series from artificial serum solutions given in 
Table III, BaSO, preparations embodying all the factors just men- 
tioned have been employed. BaSO, Preparation 2, prepared from 
dilute hot solutions, is the poorest adsorbent on the list for both 
calcium and phosphate; Preparation 1, prepared according to the 
method of Benjamin and Hess, is very effective for both calcium 
and phosphate; Preparation 3, from cold concentrated solutions, 
is nearly as good as Preparation 1. However, Preparation 4, pre- 
pared from sulfate excess, removed calcium almost to the limit of 
analytical detection, but only moderately adsorbed phosphate, 
while Preparation 5, prepared from an excess of barium, removed 
the phosphate completely. The particular amount of adsorption 
obtained by Benjamin and Hess, it is seen from this series, does 
not have the significance they assume, but merely appears to be 
the result of a chance preparation of a particular adsorbent. From 
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our list of adsorbents, the activity of BaSO, Preparation 4 and, in 
some instances, permutit, which removed practically all of the 
calcium from serum, serum ultrafiltrates, or inorganic solutions, 
although leaving behind a considerable proportion of the phos- 
phate, can hardly be fitted to the Benjamin and Hess theory. To 
do so would require that practically none of the calcium be present 
as the ion in the serum or the inorganic solutions. 






































TaBLeE III 
Adsorption from Inorganic Serum Solutions* 
Calcium Phosphate 
Amount 
f os 2 Ca adsorbed 
Adeorbent advord- | 22 | F | 23] ¥ | Paduorbed 

ent 33 3 as 3 

e-| 3 /8"] 3 

mg. mg. mg. mg 

100 mde Ponds Pl 

Kaolin 10 9.0} 3.8 | 8.8 | 3.8 1.0 
30 9.0) 4.8 | 8.8 | 7.4 0.6 
Permutit 10 9.4) 6.9 | 8.7 | 3.7 1.9 
BaSO, Preparation 1 10 11.0) 8.7 | 8.5 | 5.0 1.7 
30 11.0) 9.7 | 8.5 | 6.2 1.6 
BaSO, Preparation 2 10 11.0) 4.0 | 8.5 | 2.1 1.9 
30 11.0] 6.5 | 8.5 | 4.4 1.5 
BaSO, Preparation 3 10 11.0) 5.8 | 8.5 | 3.1 1.9 
30 11.0) 7.5 | 8.5 | 4.9 1.5 
BaSO, Preparation 4 10 9.8) 8.4 | 8.4 | 4.2 2.0 
30 9.8) 9.4 | 8.4 | 4.4 2.1 
40 10.2} 9.8 | 5.5 | 2.8] 3.4 

BaSO, Preparation 5 40 9.9) 7.4) 5.5 | 5.5 








* The inorganic serum solutions used in these experiments were pre- 
pared to contain 80 mm of NaCl, 75 mm of NaHCOs, 4 mm of KCl, and 3 mm 
of K,SO, per liter. Calcium chloride and dipotassium phosphate were 
added in the amounts desired. The pH of each solution was adjusted to 
7.4 by bubbling in CO. 


While with the BaSO, adsorbent prepared by the method of 
Benjamin and Hess no calcium is adsorbed from simple calcium 
salt solutions, by the principles just given, it is possible to prepare 
BaSO, powders that will readily adsorb calcium even from these. 
Such a series of experiments is given in Table IV, where the adsorp- 
tion of BaSO, Preparations 1 and 4 and permutit was tested on 
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dilute solutions of the chloride, lactate, gluconate, and phosphate 
of calcium. BaSQ, Preparation 1 removed no calcium. On the 
other hand, both BaSO, Preparation 4 and the permutit removed 
the calcium from these solutions almost to completeness. Calcium 
ion as such, then, can be adsorbed by some BaSQ, and other 
adsorbents. 

Not only the method of preparation, but also the nature of the 
anions present in the solution, markedly affects the adsorption of 


TaBLe IV 
Adsorption from Dilute Solutions of Calcium Salts 


























8 = pH 

ts|? [apg 

Adsorbent Salt 3/3 B| 3 

fi | a |Siled 

6 So la |< 

mg. per | mg. per 
100 ml. | 100 ml. 

BaSO, Prepara- | CaCl, 10.3 | 10.5 |6.50/4.00 
tion 1 (40 gm. «in 0.1 nw NaOH 11.6 | 10.0 
per 100 ml.) « “0.1 “ H,SO, 9.1] 7.7 
«« “0.1 per cent NaSO, 11.5] 9.6 

Ca lactate 6.4 | 6.7 |6.57/4.16 

** gluconate 8.2] 8.4 |6.32/4.18 

BaSO, Prepara- | CaCl, 15.0 | 0.2 |6.50|8.67 
tion 4 (30 gm. «in 0.05 m HCl 8.0] 1.7 

per 100 ml.) Ca lactate 8.2] 0.3 |6.57/8.56 

** gluconate 5.8 | 0.2 |6.33/8.33 
** phosphate (CaHPO,) 5.0} 0.0 
Permutit (30 CaCl, 16.1} 0.2 
gm. per 100 Ca lactate 22.1} 0.2 
ml.) ** gluconate 14.6 | 0.2 





The BaSO, adsorbents have the following pH in distilled H,O: Prepara- 
tion 1, 4.0; Preparation 4, 8.62; Preparation 5, 3.96. 


calcium by BaSQ, and also by other adsorbents. An insight into 
the reason for this is offered by the work of Michaelis and Dokan 
(11) on the influence of ions on the electrical charge of BaSOQ,. By 
electro-endosmose experiments, these authors showed that BaSQ, 
precipitates usually carry a positive electrical charge. With the 
exception of hydrogen and hydroxy] ions, univalent ions influence 
this charge very little. Hydrogen ions markedly increase the 
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positivity of the charge and hydroxy] ions are capable of reversing 
the sign of the charge of BaSO, from positive to negative. How- 
ever, ions of higher valency strongly affect the charge, and bivalent 
anions too are readily capable of reversing the sign of the adsorbent 
from positive to negative. While hydrogen ions tend to increase 
the degree of positiveness of the charge, their effect may be out- 
weighed by anions of higher valence. As an example of this, BaSO,, 
when placed in dilute sulfuric acid solution, is found to assume a 
negative charge. 

The adsorption of calcium by BaSQ, parallels the changes pro- 
duced in the electrical charge. Adding phosphate or increasing 


TABLE V 


Independent Adsorption with BaSO, Preparation 3 of Calcium and Phosphate 
from Inorganic Serum Solutions 


























Calcium Phosphate 
Amount of 
adsorbent | tnitially| Ad- | Initially| Ad- 
present | sorbed | present | sorbed 
gm. per 100 | mg. per | mg. per | mg. per | mg. per 
ml. 100 ml. | 100 ml. | 100 ml. | 100 ml. 
Buffered with 0.01 m borate, pH 10 7.6 0.8 
7.60, no phosphate or NaHCO; 30 7.6 1.7 
Phosphate added 10 7.6 2.4 6.0 2.6 
30 7.6 3.7 6.0 3.8 
Buffered. with 0.05 m potassium 10 6.1 0 8.1 0 
acid phthalate, pH 4.0 30 6.1 0.9 8.1 0.1 





the phosphate concentration of a solution increases the amount of 
calcium which is adsorbed. Ample evidence of this is offered in 
the work of Benjamin and Hess. Our own experiments, shown in 
Table IV, demonstrate that the BaSO, of Benjamin and Hess, 
listed here as Preparation 1, which does not adsorb calcium from 
aqueous solutions of simple calcium salts, does adsorb calcium 
from calcium chloride dissolved in dilute solution of NaOH, 
NaSQ,, or even H,SO,. 

From Table V it is seen that even BaSQ, preparations which are 
capable of adsorbing calcium from solutions containing no phos- 
phate ions show an increase in the amount of calcium adsorbed, 
if phosphate is present and the solution is buffered on the alkaline 
side of neutrality. 
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The fact that other polyvalent ions can also favor the adsorption 
of calcium is strong evidence that the formation of a peculiar cal- 
cium-phosphorus compound is not a necessary condition for the 
adsorption of calcium by any BaSQ, preparation. In Table VI 
there are tabulated experiments which demonstrate the capacity 
of sulfate ion to act in this manner. In these experiments it is 


TaBLe VI 


Influence of Sulfate on Adsorption of Calcium Inorganic Serum Solution 
Containing No Phosphate, Buffered with Bicarbonate at pH 7.4 











Calcium Sulfate 
. Present x Present Ba 
gm. per 100 | mg. per | mg. per | mg. per \ 
ml. 100 ml. | 100 ml. | 100 ml. | 100 mi 
Constant sulfate content, vary- 0 8.0 0 47.3 0 
ing amounts BaSO, Prepara- 10 6.2 1.8 | 45.2 2.1 
tion 1 20 5.8 2.2 | 44.9 2.4 
30 5.8 2.2 | 42.4 4.9 
40 5.6 2.4 | 40.4 6.9 
60 5.3 2.7 38.1 9.2 
80 5.0 3.0 | 35.1 | 12.2 
100 4.2 3.8 32.2 | 15.1 
Sodium sul- 
fate added 
to solution 
pe cent 
Varying sulfate content, con- 0 9.5 0 0 
stant amount BaSO, Prepara- 0.10 7.8 1.7 5.6 
tion 1 (40 gm. per 100 ml.) 0.20 7.8 1.7 7.0 
0.40 7.9 1.6 7.0 
0.50 7.8 1.7 6.8 




















shown that BaSQ, Preparation 1, which does not adsorb calcium 
from solutions of calcium salts of univalent anions, acquires the 
capacity to adsorb calcium if the bivalent sulfate ion is added to 
the solution. It is true that the sulfate ion is not quite so effective 
in this respect as is the corresponding phosphate ion, probably 
because phosphate ion is more readily adsorbable. Paralleling 
the behavior of this adsorbent in phosphate-containing solutions, 
there is an adsorption of sulfate as well as of calcium from solutions 
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in which sulfate replaces phosphate. As has already been pointed 
out, calcium is adsorbed by BaSO, Preparation 1 from solutions of 
calcium chloride containing NaOH, Na,SQ,, or H,SO,. 

The influence of hydrogen ion is somewhat subsidiary to the 
other factors which have been discussed. Depending upon their 
preparation, the different BaSO, adsorbents show either an acid 
or alkaline reaction in solution. Preparation 1 changes the reac- 
tion of the solutions into which it is introduced to a greater acidity. 
In the solutions of the calcium salts in the experiments of Table IV, 
the acid shift is from about pH 6.5 to 4.0. BaSQ, Preparation 5, 
prepared from a barium excess, also shows a residual acidity. In 
distilled water it developed the pH of 3.96. On the other hand, 











TaBie VII 

Effect of Adsorption on pH of Serum and Inorgtnic Serum Solutions 

Soluti —— oe 
arr —- om Before After 

adsorption adsorption 

NERD OCTET Re PES 1 7.51 7.44 
Inorganic serum solution.......... 1 7.60 7.42 
eer 2 7.48 7.35 
Inorganic serum solution.......... 2 7.57 7.48 
” aa eae mnaea 3 7.60 7.46 
EEE POT ae 4 7.48 7.52 
“ gti LS SEES Bree eee 5 7.51 7.13 














BaSO, Preparation 4, prepared from sulfate excess, produces an 
alkaline shift in dilute calcium salt solutions from about pH 6.5 
to 8.5. 

The pH of blood serum and inorganic serum solutions is also 
shifted by the BaSQ, adsorbents. The magnitude of this effect is 
illustrated in Table VII. All the BaSO, preparations, except 
Preparation 4, cause a shift of pH toward greater acidity in serum 
or inorganic serum solutions. This is true of adsorbents prepared 
from equivalent quantities of the neutral salts, BaCl, and Na2SO,, 
as well as the powder prepared from acid solution or an excess of 
BaCl. The mean change in pH produced by these adsorbents is 
around 0.15 unit. BaSO, Preparation 5, prepared from barium 
excess, produced an alteration of about 0.35 pH unit. On the other 
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hand, Preparation 4, which has an alkaline reaction in water, 
caused a small alkaline shift in serum. 

The residual acidity of the Benjamin and Hess BaSQ, prepara- 
tion helps to explain why it does not adsorb calcium from dissolved 
CaHPO,. The acidity from the BaSO, Preparation 1 aids the 
hydrolysis of the secondary to the primary phosphate. This being 
a univalent anion influences the nature of the adsorption very 
little. 

On the other hand, the favoring effect pointed out by Benjamin 
and Hess of bicarbonate and other alkaline buffers on the adsorp- 
tion of calcium follows from the increase and the stabilization of 
the content of the higher valence phosphate ions, and probably 
also from a neutralization of hydrogen ions adsorbed on the BaSQ,. 
In solutions on the acid side of neutrality, the other BaSQ, prep- 
arations tend to acquire the characteristics of Preparation 1. 
Thus, BaSO, Preparation 3, which readily adsorbs calcium and 
phosphate from solutions on the alkaline side of neutrality, ad- 
sorbs only a trace of calcium and no phosphate from a solution 
buffered with potassium acid pthalate at the pH of 4.0. This is 
shown in Table V. On the other hand, BaSO, Preparation 4, 
because of its excess of sulfate, readily adsorbs calcium even from 
0.05 m HCl solution (see Table IV). ; 


DISCUSSION 


The following hypothesis is offered as an attempt to explain 
the many different features observed with the individual adsor- 
bents in various types of solutions. The explanation will be con- 
fined to the BaSO, adsorbents, although the others can readily be 
fitted into a similar scheme. 

From the work of Michaelis and Dokan, it would appear that 
monovalent ions are only very slightly adsorbed but bivalent ions 
and ions of higher valency are readily adsorbed by BaSO, powders. 
Exceptions to this are hydrogen and hydroxide ions which are 
also strongly adsorbed. One would expect the common ions, 
barium and sulfate, to be quite strongly adsorbed by BaSO,. The 
nature of the ions which are adsorbed determines the electric 
charge upon the BaSQ,. In the course of their formation, the 
BaSO, powders acquire an adsorption layer which is dependent on 
the type of the solution from which they are prepared. This layer 
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is all important since, in all likelihood, it determines the specific 
properties of each adsorbent. The subsequent behavior of each 
adsorbent, when equilibrated with various solutions, to a large 
extent, consists of an exchange between the ion components of the 
already adsorbed layer for other strongly adsorbed ions which 
may be present in a given solution. Some qualitative electro- 
osmosis measurements, carried out on certain of the BaSO, prepa- 
rations, may be offered in favor of the above statements. 

BaSO, Preparation 1, it was observed, carried a strong positive 
charge when it was immersed in an inorganic serum solution 
buffered with bicarbonate at pH 7.4, but containing no calcium 


TasBie VIII 


Further Adsorption Obtained on Addition of Fresh BaSO, Preparation 1 
(40 Gm. per 100 M1.) 


The values are given in mg. per 100 ml. 











Calcium Phosphate 
Period 
Present c. Present a 
a ee is he Cc eM TEES 7.8 0 6.0 0 
Mtbew BS Rew. GARIN. ..0.5. 0s ccc ces cs cccces 3.1 4.0 4.0 2.0 


Liquid then divided into 2 portions 
Sample 1. Immediately shaken with 
SU BEM: xs vscceasvers. 
Sample 2. Kept for 24hrs., then shaken.. 


Trace | 4.0 
. 4.0 


m bd 
om 











~ 
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or phosphate. BaSQ, Preparation 5 likewise was strongly posi- 
tive under the same conditions. When phosphate equivalent to 
5 mg. of P per 100 ml. was added to the solution, the charge on 
BaSO, Preparation 1 became negative in sign. On the other 
hand, BaSO, Preparation 4, in the absence of either calcium or 
phosphate, did not show a charge of sufficient magnitude to be 
detected with the apparatus which was employed. 

The adsorption of calcium, it was found, is favored by the pres- 
ence of phosphate or of sulfate. Adsorption of calcium ions alone 
leads the adsorbent to become increasingly positive in charge and 
so tends to inhibit the further adsorption of calcium. Similarly, 
adsorption of phosphate alone should lead to the inhibition of 
phosphate adsorption because of the increasing negativity. How- 
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ever, by the adsorption of the two ions together, there is a neu- 
tralization of the charge which makes it possible to increase the 
amount of each which is adsorbed through the building up of ex- 
tended layers of alternatingly adsorbed calcium and phosphate. 

An explanation appears from this reasoning for the last of the 
three important arguments that have been advanced for the exist- 
ence of a specific adsorbable calcium phosphate; namely, the 
demonstration of a non-adsorbable residue believed presumably to 
consist of calcium and phosphate ions.2, When by adsorption with 
one portion of BaSO, Preparation 1 the phosphate is reduced to a 
level too low further to appreciably affect the charge, no calcium 
will be adsorbed by a fresh portion of BaSQO, because of the in- 
hibiting effect of the positive charge it carries. 

Biochemical Significance—If the failure of the Benjamin and 
Hess theory of the existence of a specific adsorbable calcium-phos- 
phorus complex is granted, then their claims for an important 
relationship between the amount of adsorbable calcium with 
normal calcification and its aberration in rickets has to be revised. 
The findings of Benjamin on the calcification of cartilage comes to 
no more than the well known experiments of Shipley, Kramer, 
and Howland (12) with the substitution of an adsorption explana- 
tion. Shipley, Kramer, and Howland found that when the prod- 
uct of calcium and phosphorus expressed in mg. per cent was 40 
or above, calcification readily takes place, but below a level of 
about 35 it does not. Benjamin no more than repeated this obser- 
vation. While we do not subscribe to the view that the Ca x P 


2 We have not been able unequivocally to confirm the experimental 
evidence offered in this connection. With one preparation of BaSO, 
Preparation 1 there was obtained no further adsorption of calcium after a 
first adsorption either immediately or after 24 hours standing. With 
another preparation, however, there was obtained a further uptake of 
calcium of about the same magnitude on second adsorption both when 
carried out immediately or after a 24 hour period. The results of an 
experiment with the latter preparation, which was carried out on an inor- 
ganic serum solution of the composition used by Benjamin (4), are shown in 
Table VIII. Furthermore, the observation that calcium and phosphate 
are as readily adsorbed and apparently to the same extent from solutions to 
which calcium and phosphate have been freshly added, as from those of 
long standing, is difficult to reconcile with the deduction drawn by Ben- 
jamin that the alleged adsorbable calcium-phosphorus complex is only 
slowly formed. 
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product is a quantitative measure of calcification, it appears to 
us that a true solubility rather than adsorption is involved in 
calcification. 

The lowered adsorption of calcium from rachitic serum is also 
readily explainable by the small amount of phosphate ion present 
without any need to postulate the absence of a specific compound. 
Increasing the phosphate content, it has been noted, leads to an 
increase in the amount of calcium adsorbed and a logical explana- 
tion for this has been offered in this discussion. On this reasoning 
the lowered phosphate in rickets would rationally lead to a decrease 
in calcium adsorption. 

Physicochemical States of Calcium and Phosphate in Serum— 
The analysis in this paper and that in the previous publication by 
the senior author and L. D. Greenberg (2) show that a very large 
part of the evidence offered for the existence of biochemically 
important calcium compounds in the diffusible fraction of blood 
serum, other than ordinary calcium ion, is unsubstantial. This 
holds for both a citrate-like calcium compound and a specifically 
adsorbable calcium-phosphorus complex. It is true that the work 
given in these two papers does not categorically dismiss the possi- 
bility of such special calcium compounds, but rather shows that 
their existence has in no way been actually demonstrated. How- 
ever, until such compounds, if they exist, are firmly established, 
it is more useful to attempt to explain the properties of blood on 
the basis of existing knowledge. 

Until more substantial proof is offered for other substances, it is 
more useful to accept the existence of only calcium and phosphate 
ions in the diffusible component of blood serum. Even if low 
values of calcium ion activity in serum are admitted, it is quali- 
tatively, at least, to be ascribed to an explanation familiar in 
connection with modern theories of strong electrolytes; namely, as 
the result of the depressing action of the interionic influence of the 
electrolytes and proteins of the blood. 


SUMMARY 


Adsorption experiments with variously prepared BaSO, powders, 
permutit, and kaolin give no evidence for the existence of either a 
citrate-like calcium compound or for a specifically adsorbable 
calcium-phosphorus complex in blood serum. Instead, all of the 
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adsorption features which have been attributed to these hypo- 
thetical substances can be obtained under the proper conditions 
with merely calcium and phosphate ions. 

It is preferable to accept the existence of only calcium and 
phosphate ions in the diffusible fraction of the serum until there is 
good evidence to the contrary. 
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THE FORMS OF THE CALCIUM AND INORGANIC PHOS- 
PHORUS IN HUMAN AND ANIMAL SERA 


IV. A REPLY TO GREENBERG AND LARSON 


By HELEN RIVKIN BENJAMIN 
(From the Department of Laboratories, Lebanon Hospital, New York) 


(Received for publication, August 31, 1934) 


In their present paper (1), Greenberg and Larson have made an 
interesting study of the adsorptive properties of various types of 
barium sulfate. They have confirmed the fact that barium sulfate 
Preparation 1 (i.e. the preparation made according to our direc- 
tions) does not ordinarily adsorb calcium ion. Under the condi- 
tions existing in serum, however, they believe it possible, on the 
basis of physicochemical principles, for removal of calcium ions 
by this adsorbent to occur. It is our opinion that in building up 
their explanation these authors have overlooked several important 
observations which make it impossible to accept such a theory. 

In order to adhere to the sequence of Greenberg and Larson’s 
paper we shall first consider the arguments against our hypothesis. 

1. Experiments Involving Use of Different Types of Barium Sul- 
fate—In our opinion experiments of this kind are irrelevant to 
the problem. They may be interpreted to mean simply that other 
types, in contrast to barium sulfate Preparation 1, are not useful 
in effecting a partition of the calciuminserum. Our point of view 
can, perhaps, be best illustrated by a consideration of the applica- 
bility of collodion membranes for this purpose. It is a simple 
matter to prepare membranes which allow all of the calcium to 
pass through, but this fact does not vitiate the conclusion that the 
calcium is present in both a filtrable and a non-filtrable form. 
Similarly, the properties exhibited by other types of barium sul- 
fate need not concern us. The matter hinges entirely on the ques- 
tion, discussed in section (3), as to whether barium sulfate Prepara- 
tion 1 possesses selective properties. 

The answer likewise determines the position of this preparation 
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in the adsorptive series of Greenberg and Larson. It becomes a 
chance preparation with an intermediate adsorptive capacity only 
if it is proved that it is calcium ion which is adsorbed. Otherwise, 
it logically assumes a place at the bottom of the list. This possi- 
bility need not introduce any theoretical difficulty. The inability 
to remove calcium ion by exchange or polar adsorption does not 
necessitate an inability to adsorb a complex containing calcium, 
by a process of non-polar adsorption. The latter mechanism is 
perfectly well recognized in connection with the numerous ex- 
amples of adsorption of non-ionic substances. 

Mention should also be made of the second method by which 
Greenberg and Larson varied the adsorptive properties of their 
barium sulfate powders; namely, by increasing the size of the 
particles, as in barium sulfate Preparation 2. It is obvious that 
this does not affect the interpretation of our experiments, since in 
every case we used sufficient adsorbent to obtain maximum adsorp- 
tion. Two barium sulfate preparations which differ only in the 
size of their particles should, under the proper conditions, remove 
the same amount of calcium. Since Greenberg and Larson failed 
to standardize their preparations, one cannot properly compare the 
amounts of calcium adsorbed. 

2. Experiments Involving Use of Polyvalent Anions Other Than 
Phosphate to Influence Adsorption of Calcium—In the experiments 
of Greenberg and Larson, when barium sulfate Preparation 1 was 
placed in solutions which could reverse its positive charge (NaOH, 
Na,SQO,, and H,SO,) it became capable of adsorbing calcium from 
a solution of calcium chloride. Furthermore, in artificial ultra- 
filtrates containing no calcium or phosphate, the charge of this 
adsorbent became negative when phosphate was added to the 
solution. The authors reason that the presence of phosphate thus 
makes barium sulfate Preparation 1 capable of adsorbing calcium 
ion. However, the theoretical possibility that a negatively 
charged adsorbent may remove calcium ion does not necessarily 
mean that under a particular set of conditions it will doso. Other 
factors may come into play to prevent this. The conditions of 
Greenberg and Larson’s experiments are not those obtaining in 
serum, in which calcium and phosphate are present simultaneously. 
Under these circumstances we have no evidence that phosphate is 
first adsorbed, and in amounts sufficient to reverse the charge on 
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the adsorbent. It is just as reasonable to assume that only suffi- 
cient phosphate ion is taken up to neutralize the charge, where- 
upon the calcium-phosphorus complex is adsorbed—or that both 
are removed at the same time. In other words, rather than estab- 
lish the proof, this argument merely presents the possibility that 
barium sulfate Preparation 1 removes calcium ion from serum. 

It should be mentioned that according to the figures of Green- 
berg and Larson, sulfate and phosphate do not seem to behave in 
the same manner. In the first place 15 mg. of adsorbed sulfate 
(15 X 10-? mm) caused the adsorption of only 3.8 mg. of caleium— 
an amount which can be removed in the presence of about 3 mg. 
(7 X 10-* mm) of adsorbed phosphorus. Moreover, an increase in 
the barium sulfate concentration up to 100 per cent resulted in a 
continuously increasing adsorption of both calcium and sulfate, 
whereas with phosphate a definite maximum is reached at 40 per 
cent, beyond which further addition of adsorbent has no effect. 

3. Evidence against Adsorption of Calcium Ion by Barium Sulfate 
Preparation 1—Since there is no direct proof regarding the nature 
of the calcium in serum it is important to consider which theory 
best fits the known facts. Certain data, which will now be dis- 
cussed, are in opposition to the theory that all of the filtrable cal- 
cium is in the ionic state. 

When barium sulfate Preparation 1 was shaken with an artificial 
ultrafiltrate a definite, reproducible part of the calcium was ad- 
sorbed.!. This was the same whether the barium sulfate was made 
from equivalent amounts of barium nitrate and sulfuric acid or 
from a 10-fold excess of either (Paper I (3), p. 32, foot-note 3). 
When sufficient barium sulfate was used (40 per cent) a maximum 
amount of calcium was removed, so that addition of a fresh por- 
tion of barium sulfate did not adsorb any more. In no case was it 
possible to remove all of the calcium with this adsorbent. The sig- 
nificance of these data becomes clear when one considers the reac- 


1 In Paper II (2), Table I, it was demonstrated that at the same pH the 
amount of calcium adsorbed increased with increasing concentration of 
BHCO;. The high percentage of calcium adsorbed in the experiments of 
Greenberg and Larson (80 per cent) was undoubtedly due largely to the fact 
that the bicarbonate content in their solutions was 3 times that in serum. 
Another factor which would tend to increase the adsorption of calcium was 
the fact that the total calcium content was 11 mg., as in serum, rather than 
6 mg., as in ultrafiltrates. 
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tion resulting from the addition of oxalate to serum. The oxalate 
removes the calcium ion by precipitation, whereupon the equilib- 
rium between the types of calcium in the serum (e.g. that bound 
to protein) is immediately shifted and more calcium ion forms. 
The net result is that within a very few minutes all of the calcium 
in the serum is precipitated. In other words, the shift in equilib- 
rium toward calcium ion is very rapid and complete, whereas con- 
version of calcium ion into the type adsorbable by barium sulfate 
Preparation 1 is relatively slow ((2) p. 60). It would, therefore, 
seem logical to assume that suitable amounts of other reagents 
which react with calcium ion in serum would, like oxalate, remove 
all of the calcium. On these grounds, the adsorption of virtually 
all of the calcium by barium sulfate Preparation 4 (a preparation 
which removes calcium ion from simple solutions) is not surprising. 
Conversely the inability of barium sulfate Preparation 1 to adsorb 
the calcium completely would, in itself, constitute an argument 
against the probability of adsorption of ionic calcium by this 
preparation. 

Greenberg and Larson propose an explanation for this observa- 
tion. According to their conception calcium cannot be adsorbed 
by barium sulfate Preparation 1 except in the presence of phos- 
phate or some other polyvalent adsorbable anion. The process is 
believed by them to take place by means of the building up of 
alternately adsorbed layers of phosphate and calcium ions and the 
reason for the cessation of calcium adsorption is thought to lie in 
the reduction of the phosphate concentration to a level too low 
further to affect the charge. At this point addition of fresh barium 
sulfate is thought to be incapable of adsorbing the remaining cal- 
cium because of the inhibiting effect of the positive charge it 
carries. This contention is in direct contradiction to the experi- 
mental evidence. In Paper II ((2) p. 61) we stated: 


‘* .. it was also apparent that the failure of the fresh batch of barium 
sulfate to remove calcium and phosphorus from the solution when the 
second adsorption was carried out. . . was not due simply to the fact that 
these elements, after the first adsorption, were present in very small 
amounts (3.7 mg. of calcium and 3.7 mg. of phosphorus per 100 cc.). When 
an artificial ultrafiltrate was made which contained these amounts of cal- 
cium and phosphorus, shaking with barium sulfate resulted in appreciable 
adsorption.” 
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Moreover, the fact that, in experiments such as that referred to 
above, the second lot of barium sulfate, though it removed no 
calcium, always removed phosphorus to the extent of about one- 
fourth to one-half the amount adsorbed by the first lot, cannot be 
reconciled with the explanation of Greenberg and Larson. 

The lack of constancy of the ratio of Ca adsorbed to P adsorbed 
from different solutions by barium sulfate Preparation 1 consti- 
tutes another difficulty with the conception of Greenberg and Lar- 
son. If it were true that for a given amount of calcium adsorption 
a definite amount of phosphate must first be adsorbed (and vice 
versa), one would think that the ratio of Ca adsorbed to P adsorbed 
would always be the same. This is not the case. It seems more 
probable that phosphorus is adsorbed in two forms; ionic, and as 
part of the complex, the proportion of each being dependent on 
the composition of the solution. 

According to the conception of Greenberg and Larson, increased 
acidity should result in diminished adsorption of calcium ion by 
barium sulfate Preparation 1. Indeed, their explanation for the 
fact that this adsorbent removes calcium from serum and not from 
a solution of CaHPO, rests on the difference in pH of these fluids. 
As was pointed out by us ((2) pp. 59-60), however, the degree of 
adsorption by barium sulfate Preparation 1 is not influenced by 
changes in the pH of the artificial ultrafiltrate from 7.9 to 5.7. 
These experiments have since been repeated, with the same re- 
sults? and constitute another argument against the belief that it is 
calcium ion which is adsorbed by barium sulfate Preparation 1. 
The favoring effect of bicarbonate and other alkaline buffers on 
adsorption could not have been due to increased alkalinity. All 
of these experiments were carried out at about pH 7.4. The in- 
creased adsorption of calcium can, therefore, hardly be accounted 
for on the basis of an increased content of higher valence phosphate 
ions or a neutralization of hydrogen ions on the surface of the 
barium sulfate. 

Greenberg and Larson suggest that the calcium and phosphate 
ions are adsorbed by barium sulfate Preparation 1 largely by ex- 
change with the adsorbed film of acid which is carried by this 


2 The determinations of pH, made with the glass electrode, were very 
kindly carried out by Mr. T. Rosebury of the Department of Biochemistry, 
College of Physicians and Surgeons, Columbia University, 
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adsorbent. If this were the case, hydrogen and sulfate ions would 
be returned to the solution in exchange for adsorbed calcium and 
phosphate ions. As a result an increasing concentration of sul- 
furic acid should be built up in the solution. This does not occur. 
After the initial fall in pH, caused by the addition of the acid 
adsorbent to the solution, no further increase in acidity develops 
during the course of adsorption ((2) p. 64). 

Finally, it should be mentioned that the method of McLean and 
Hastings (4) for the determination of calcium ion by the use of the 
frog’s heart, which Greenberg and Larson mention as giving re- 
sults in accordance with their theory, has not been demonstrated 
to be specific for calcium ion. The fact that the frog’s heart does 
not react to calcium proteinate or to calcium citrate does not ex- 
clude the possibility that it does react to other complexes contain- 
ing calcium. 

4. Biochemical Significance—On the basis of the preceding 
discussion, it seems to us that if all of the experimental evidence 
is considered, it becomes difficult to escape the conclusion that a 
calcium-phosphorus complex exists in serum. The adsorption 
theory of calcification thus becomes highly probable, particularly 
since the same fraction of calcium is removed by both barium sul- 
fate Preparation 1 and cartilage. 

Regarding the significance of the diminished adsorption of cal- 
cium from rachitic serum, the explanation offered by Greenberg 
and Larson would hold only in connection with the low phosphorus 
type of rickets. Their theory does not fit the data obtained with 
the low calcium type. In the latter form, in which the serum 
phosphate remains within normal limits while the total filtrable 
calcium is reduced, it should follow from their hypothesis that the 
proportion of adsorbable calcium should be increased and the 
unadsorbed residue reduced. The opposite is the case. The 
proportion of adsorbable calcium in the serum of rachitic puppies 
was found to be 38 per cent whereas the normal was 45 per cent. 
Moreover, the unadsorbed filtrable remainder was the same in 
both ((8) p. 47). 


SUMMARY 


The barium sulfate preparation used in our experiments gives a 
definite partition of serum calcium, and does not adsorb calcium 
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ion. The fact that other adsorbents (barium sulfate prepared in 
other ways) do not so behave does not invalidate this partition. 
The experimental data discussed support the hypothesis that the 
adsorbable calcium is in the form of a calcium-phosphorus complex 
of physiological importance. 
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Broken cell suspensions of the livers and kidneys of various 
animals will oxidize alanine, proline, oxyproline, phenylalanine, 
and tyrosine (1-3). Certain other amino acids, serine, valine, 
leucine, isoleucine, and methionine, have now been tried and found 
to be similarly oxidized. Moreover, it has been possible to purify 
the enzymes responsible for the oxidation of these amino acids, 
and the evidence thus obtained indicates that proline and tyrosine 
are oxidized by specific catalysts. The difference in the ability 
of animal organs to oxidize the other amino acids suggests the 
possibility of separate catalysts for some of them. 

The purified preparation is made most successfully from rat 
kidney by a method of adsorption and elution. This preparation 
by itself takes up no oxygen nor does it reduce methylene blue. 
It contains very little hemoglobin and only about 30 per cent of 
the organic matter in the original kidney suspension. With this 
preparation, it was possible to study quantitatively the oxygen 
uptake, deamination, and methylene blue reduction of the various 


amino acids. 
EXPERIMENTAL 


A rat is killed by decapitation and the kidneys are chopped with 
scissors and ground in a mortar with sand after adding 10 cc. of 
0.05 m phosphate buffer, pH 7.8. The resulting suspension is 
pressed through muslin to remove bits of connective tissue. Di- 
lute acetic acid is then added until the pH is just acid to phenol 
red, z.e. 6.9. If the suspension is made more acid the resulting 
preparation will be inactive. About 0.5 gm. of Celite Analytical 
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Filter-Aid, a silicate made by Johns-Manville, is now added and 
the mixture stirred for 5 minutes. Ordinary kaolin can be sub- 
stituted for the celite but the resulting preparation is not so active. 
Fullers’ earth, Lloyd’s reagent, and charcoal were also tried, but 
without success. Other procedures, such as precipitation by alco- 
hol, acetone, and ammonium sulfate, gave inactive preparations. 
The mixture is then centrifuged and the liquid layer discarded. 
6 cc. of 0.05 m phosphate buffer, pH 7.8, and 1 cc. of 0.1 mM sodium 
carbonate are now mixed with the celite, and allowed to stand for 
30 minutes with occasional stirring. The mixture is then centri- 
fuged, and three layers separate out. At the bottom of the cen- 
trifuge tube is the celite, then a ring of hemoglobin, and finally a 
light brown cloudy solution. This is sucked off and constitutes 
the purified preparation which oxidizes all of the amino acids men- 
tioned above except tyrosine. This preparation still takes up a 
small amount of oxygen and will reduce methylene blue slowly. 
It is therefore dialyzed for 1 to 2 hours against running distilled 
water, after which it shows no oxygen uptake or methylene blue 
reduction unless a suitable amino acid is added. 1 ce. of the 
preparation with 1 cc. of buffer, pH 7.8, is used in the Warburg 
vessels and the Thunberg tubes. Through 1 cm. of the solution 
the absorption bands of hemoglobin are only just visible with the 
spectroscope. This preparation will remain active for several 
days if kept on ice. Comparing it with an untreated broken cell 
suspension of equal activity, 70 per cent of the organic matter 
(measured by the difference in the dried weights) has been removed 
by the purification. 


The kidneys of the cat and dog treated in the same way will 


yield a similar preparation almost as active as that obtained from 
the rat. If the preparation is made from the livers of these ani- 
mals, only proline is oxidized by it. This separation demonstrates, 
therefore, that a catalyst for proline is present in the liver that can 
be considered different from the catalysts responsible for the oxida- 
tion of the other amino acids thus far tested. The liver prepara- 
tions contain more hemoglobin and are not as pure as the corre- 
sponding kidney preparations. 

Krebs (4) has shown that rat kidney slices are able to deaminate 
the natural and unnatural isomers of the amino acids. In the 
case of alanine, phenylalanine, leucine, and valine the unnatural 
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isomer was deaminated to a greater extent than the natural isomer. 
This was confirmed for alanine by Neuenschwander-Lemmer and 
von Leévey (5). Using the purified preparation of rat kidney, 
we have found that the dl mixtures of phenylalanine, alanine, pro- 
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Fig. 1. The oxygen uptake of 2 mg. each of d-, di-, and l-phenylalanine in 
the presence of the purified rat kidney preparation, pH 7.8, at 37°. The 
relationship between the di mixture and the natural (/) isomer is typical of 
the other amino acids. 


line, leucine, isoleucine, and valine are rapidly deaminated and 
oxidized, whereas the natural isomers are attacked slowly or not 
at all. This apparently means that it is the unnatural isomer of 
the dl mixture that is being attacked. dl-Serine and dl-methionine 
were also oxidized and deaminated by the preparation but the 
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natural isomers have not yet been obtained. Only the natural 
isomers of tyrosine and oxyproline have been tried. The East- 
man Kodak Company supplied the dl-leucine, dl-isoleucine, and 
dl-methionine, and the rest of the amino acids were supplied by 
Hoffman-La Roche. Several of the natural isomers were checked 
with amino acids obtained from casein hydrolysis. The amino 
acids by themselves neither took up oxygen nor reduced meth- 
ylene blue. In the presence of the catalyst the average oxygen 
uptake for each amino acid corresponded to the calculated amount. 
The nitrogen content by the micro-Kjeldahl method was within 
5 per cent of the theoretical, and therefore the amino acids were 
not purified further. Only one unnatural optical isomer was 
obtained, namely d-phenylalanine, and this, like the dl mixture, 
was rapidly oxidized, whereas the natural /-phenylalanine was 
oxidized very slowly. This is shown in Fig. 1. The results 
obtained from these experiments with the dl mixtures and the 
natural isomers may thus be considered evidence for determining 
which isomer is attacked. In using the terms d and / we have 
- followed Mitchell and Hamilton (6). 

The purified kidney extract oxidized all the amino acids tried 
except tyrosine and oxyproline, the dl mixtures of which were not 
available. This is shown in Table I. The oxygen uptake of the 
dl mixtures was equivalent to the utilization of 1 atom of oxygen 
per molecule of amino acid oxidized, assuming the oxidation of 
one isomer. This was true of all the amino acids oxidized by the 
kidney extract. Some of the natural isomers, for example /-pro- 
line, were oxidized slowly, others were oxidized hardly at all. The 
oxygen uptake of the dl mixtures should show a rapid oxidation 
of the unnatural isomer and then a slow oxidation of the natural 
one. In some cases, for instance with proline and probably 
methionine, this did happen, but in the majority of cases the oxy- 
gen uptake of the dl mixtures was equivalent to the oxidation of 
one isomer. This may possibly be explained by the fact that the 
oxidation products of the quickly oxidized unnatural isomers 
inhibit the slow oxidation of the natural ones. On the assumption 
that all these amino acids except proline are oxidized to the corre- 
sponding keto acids, their asymmetry would thus be lost and the 
oxidation products of both isomers would be the same. 

Proline, phenylalanine, and alanine when oxidized by the un- 
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TaBLeE [ 
Oxygen Uptake and Methylene Blue Reduction of Various Amino Acids in 
Presence of Purified Rat Kidney Preparation at pH 7.8 and 37° 

1 cc. of the preparation was used with 2 mg. of each amino acid. The 
preparation alone tock up no oxygen, nor did it reduce methylene blue. 
Column 2 gives the final oxygen uptakes obtained in different experiments 
selected at random. Column 3 gives the oxygen uptakes calculated on the 
basis of 1 atom of oxygen for every molecule of amino acid. Column 4 
gives the average time in minutes for the oxygen uptake to reach half the 
theoretical value. Column 5 gives the average time in minutes for the 
reduction of 0.5 cc. of 1:5000 methylene blue. 








Amino acid — Oz — O: | Oxidation rate an _ a 
(1) (2) (3) (4) (5) 

c.mm. c.mm. min. min. 

d-Phenylalanine 140 136 14 27 
140 

dl-Phenylalanine 74 136 14 29 
71 
75 

l-Phenylalanine 0 136 91 
9 

dl-Alanine 126 252 15 52 
130 
123 

d-Alanine 24 252 140 
25 

dl-Proline 126 194 15 19 
120 
125 

l-Proline 47 194 155 74 
53 

dl-Methionine 85 150 18 31 
89 
74 

dl-Valine 98 192 21 56 
87 
102 

d-Valine 14 192 196 
16 

dl-Isoleucine 66* 170 41 41 
84 

69* 

d-Isoleucine 7 170 182 

5 
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TaBLeE I—Concluded 








Amino acid —— O2 a O: | Oxidation rate ——— . 
(1) (2) (3) (4) (5) 
c.mm. c.mm. min. min. 
dl-Serine 92 214 55 58 
102 
56* 
dl-Leucine 51* 170 71 25 
75* . 
59* 
l-Leucine 6 170 81 
9 

















* Oxidation not complete. 


treated broken cell suspensions were unaffected by 0.005 m KCN 
(1-3). With the purified kidney extract the oxidation of these 
and the other amino acids was likewise unaffected by this amount 
of KCN. The oxidation of serine which was not inhibited at the 
beginning by KCN was definitely slowed later. This is not a 
typical KCN effect and is probably due to the direct action of the 
drug on the enzyme. It has been shown, however, that the oxida- 
tion of J-tyrosine by untreated liver suspensions is completely 
inhibited by KCN, whereas the oxidation of certain other amino 
acids by the same liver suspensions is not. Tyrosine is also the 
only amino acid the natural isomer of which is rapidly oxidized 
by liver suspensions although no purified preparation will attack 
it. The natural /-proline is slowly oxidized by the suspensions and 
purified preparations of livers and kidneys, although less readily 
than dl-proline, while other natural isomers are practically not 
attacked (see Table I). This differentiates the oxidation of tyro- 
sine and proline from the oxidation of all the other amino acids 
tried. The inability of KCN to inhibit the oxidation of the ma- 
jority of these amino acids puts the catalysts responsible for their 
oxidation in the class with xanthine and tyramine oxidases and 
shows that they are independent of iron and iron complexes. 

In the presence of the purified kidney extract all the amino acids 
which are oxidized will reduce methylene blue. The rate of reduc- 
tion of the dye varied with the different amino acids. This is 
shown in Table I. Moreover, the rate of reduction of methylene 
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blue is not correlated with the rate of oxygen uptake, as can be 
seen by comparing Columns 4 and 5in Table I. Thus leucine was 
oxidized slowly, yet it reduced methylene blue rapidly, and the 
opposite was true for valine and alanine. There was also a striking 
difference in the rate of reduction by leucine and isoleucine. These 
differences in the reduction time of methylene blue would seem to 
indicate differences in potential between the various amino acid 
enzyme systems. In the case of serine, however, the slow reduc- 
tion is correlated with a slow oxygen uptake. This may mean 
that an inadequate amount of enzyme is present in the preparation. 

The purified kidney extract contained a very small amount of 
free ammonia. It was therefore possible to follow accurately the 
ammonia production of the amino acids. Control experiments 
showed that no appreciable amount of ammonia was lost in the 
Warburg vessels from a solution at pH 7.8. When the oxidation 
was finished the ammonia was determined by a vacuum distillation 
method followed by Nesslerization. The amount of the deamina- 
tion corresponded in each case to the oxygen uptake, which is 
further evidence that only one isomer of the dl mixture is attacked. 
All the dl mixtures of the amino acids tried were deaminated 
except proline. This amino acid is also not deaminated when the 
untreated broken cell suspensions of liver and kidney were used 
(1). Evidently deamination does not occur in the first stage of 
the oxidation of proline. The natural isomers of the amino acids 
were either not deaminated or showed a small deamination corre- 
sponding to the amount of oxygen taken up. J/-Tyrosine when 
oxidized by the untreated liver suspensions was not deaminated (3). 

Fluoride accelerates and increases the oxygen uptake of certain 
amino acids, for instance proline and alanine, when the untreated 
broken cell suspensions are used (2). With the purified kidney 
extract, however, fluoride had no effect on the amount of oxygen 
taken up by the various amino acids and only a small effect on the 
rate. This indicates that in the untreated broken cell suspensions 
the effect of fluoride is not on the first stage of the oxidation of the 
amino acids but rather on their further oxidation. In the purified 
extract the oxidation of the amino acids was not carried further, 
probably because of the absence of the necessary catalysts, and 
thus the fluoride effect was not observed. 

The evidence indicates that tyrosine and proline are oxidized 
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by specific catalysts. Whether there is a specific catalyst for each 
amino acid is questionable. By studying the untreated broken 
cell suspensions of the livers of animals, variations were found 
suggesting that certain other amino acids do have specific cata- 
lysts. For instance, the guinea pig liver suspension will oxidize 
only proline, tyrosine, and methionine. The tyrosine was in- 
hibited by KCN, though the other two were not, and by making a 
purified preparation of the liver it was possible to separate the pro- 
line from the methionine enzyme. It thus seems that methionine 
may be oxidized by a separate catalyst. Rat liver oxidized all of 
the amino acids tried, although more slowly than the kidney. 
0.005 m KCN added to the rat liver suspension inhibited only the 
oxidation of serine. This is probably a direct action of the KCN 
on the enzyme similar to its effect on the oxidation of serine by the 
kidney, but it suggests that there may be a specific catalyst for 
serine. This type of evidence does not demonstrate specificity 
but suggests the possibility of further separation if the right tissues 
and animals are used. ; 

In general it may be said that the kidney suspensions of the 
rat, cat, and dog can oxidize the unnatural isomers of the 
dl mixtures of the amino acids tried. This was also true of the 
purified kidney preparations of these animals, but the guinea 
pig kidney preparations were less active and those of the 
rabbit were inactive. The liver suspensions of the rat, cat, and 
dog oxidized these dl mixtures more slowly than the kidney sus- 
pensions. The guinea pig liver suspensions oxidized only dl-pro- 
line and di-methionine, and the rabbit liver suspensions were in- 
active. Purified preparations of the livers of these animals, except 
the rabbit, oxidized only proline. 

Although glycine was not oxidized by any liver or kidney sus- 
pensions thus far tried, dl-phenylglycine was slowly oxidized by 
the broken kidney cell suspensions of the rat and guinea pig. This 
slow oxidation may be due to its relative insolubility. The oxygen 
uptake and deamination again showed that only one isomer was 
attacked, but which one has not been determined. The purified 
preparation of rat kidney, however, did not oxidize this compound. 


DISCUSSION 


The use of fairly pure enzyme preparations has made possible a 
quantitative study of the first stage in the oxidation of various 
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amino acids. This has been useful in determining the exact 
amount of oxygen taken up, ammonia liberated, and the relative 
rates of methylene blue reduction. Evidence of the occurrence 
of specific catalysts for proline and tyrosine has also been obtained, 
and there is some indication that such may exist also for methio- 
nine and serine. The preferential oxidation of the unnatural 
optical isomers by the broken cell suspensions and the purified 
extracts is difficult to explain. Stekol (7) has shown that the sul- 
fur from dl-cystine fed to animals is excreted, whereas that of the 
natural /-cystine is retained. This indicates the preferential 
oxidation of the d-cystine. Cox and Berg (8) have shown that 
the unnatural d-histidine can maintain growth in animals almost 
as well as the natural isomer. It may be that the natural isomers 
are racemized in the body. If this is not so, then the existence of 
catalysts which oxidize the unnatural isomers seems explicable only 
on the basis of chance. Investigations of the end-products of these 
oxidations are now being carried out. 


SUMMARY 


1. A method is described for obtaining a purified preparation 
from the kidney of the rat, cat, or dog which oxidizes alanine, 
phenylalanine, valine, leucine, isoleucine, proline, serine, and 
methionine. 

2. A study of the di mixtures and the natural isomers of the first 
six of these amino acids indicates that the unnatural isomers are 
preferentially oxidized. The natural isomers of serine and methio- 
nine have not yet been tested. 

3. Similar preparations of the livers of these animals oxidize 
only proline. 

4. All the unnatural isomers of the amino acids oxidized by the 
kidney preparations are deaminated except proline. The amount 
of the deamination corresponds to the oxygen uptake. 

5. 1 atom of oxygen is taken up for every molecule of amino acid 
oxidized. 

6. The oxidation of the amino acids by the kidney preparations 
is not affected by 0.005 m KCN. 

7. Methylene blue is reduced by all these amino acids in the 
presence of the preparation but at varying rates. 

8. dl-Phenylglycine is oxidized by the broken cell suspensions 
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of rat kidney but not by the purified preparation. Glycine is not 
oxidized by any of the preparations tried. 
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Lucas and King (1) and Virtue and Lewis (2) have recently pro- 
posed essentially similar methods for the estimation of cysteine, 
wherein an excess of iodine is back titrated at 0° in n HCl, as being 
a more satisfactory procedure than that of Okuda (3), since under 
their conditions the theoretical equation for the oxidation of —SH 
to —S—S— can be used. However, even at 0° the excess of I, 
present, as well as the time interval before titration, must be 
limited to as little as possible because of the tendency of the oxida- 
tion to proceed beyond the disulfide stage. In the present work 
it was found that when both the HCl and KI concentrations are 
made 1 M, results are obtained at room temperature which closely 
approximate the theoretical and which agree over a period of 
several hours. 

The stock solution of KI was 5 m and remained colorless when 
kept at 0° in darkness. In order to minimize the photochemical 
decomposition of the combined KI and HCl, which will hereafter 
for convenience be referred to as HI, the solutions were kept either 
in darkness or at least out of direct light. The following deter- 
minations were all conducted at room temperature (25-30°). 

Investigation of the behavior of the disulfoxide of /-cystine (4) 
and of the sulfinic acid (5) in such HI solutions showed practically 
quantitative reduction to cystine when the HI concentration was 
1 m, as determined by the amount of I, formed and by isolation 
and identification of the cystine (6). That cystine dissolved in a 
M HI solution is stable in the presence of excess I, is shown in 
Table I. 

Although the oxidation of cysteine might possibly proceed 

* Aided by a grant from the Leffmann Fund of the Wagner Free Institute, 
Philadelphia. 
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otherwise than through the disulfide stage (7..—SH — —SOH 
— —SO.H — —SO;H), the fact that such intermediates as the 
disulfoxide (R—SO—SO—R) and the sulfinic acid (R—SO,H) are 
reduced to cystine indicates that oxidation of cysteine by I, in M 
HI would proceed only to cystine. 

In the following experiments designed to test the validity of this 
assumption, the iodine was added to the cysteine (or vice versa) 
in HI of such concentration that after dilution to the required 
volume (usually 50 cc.) the indicated molarity of HI was obtained. 
A blank was also prepared in the same manner. Aliquots of the 
two solutions (usually 10 cc.) were then titrated with thiosulfate 
(0.025 Nn), the difference between the two results being due to the 
I, consumed by the cysteine. In cases of higher acid concentra- 
tion the solutions were diluted to 1 N before titration. Since the 
color of starch-iodine complex changes but slowly in the HI solu- 


TABLE I 
Stability of Cystine (0.004 m) against I, in 1 wm HI 








EERE NEE cee { we | te | tS | 285 | 19 hes. | 43 brs. 
Nn I, X 10° in solution............ 20.9 | 21.3 | 21.6 | 21.9 | 27.3 | 45.6 
wien © . tone 20.8 | 21.3 | 21.6 | 21.8 | 27.3 | 45.2 





tion on addition of thiosulfate, the disappearance of the yellow I; 
color was taken as the end-point and checked (or corrected) in the 
following manner. 5 to 10 cc. of 0.1 per cent starch solution con- 
taining 0.1 per cent salicylic acid were added at the end-point; if 
the solution was blue (or brownish violet) about 0.02 cc. portions 
of thiosulfate were added with 10 seconds of shaking between 
additions until the solution became colorless; when colorless or if 
already colorless the end-point was verified by adding several 
drops of dilute iodine equivalent to 0.01 cc. of thiosulfate, where- 
upon the brownish violet color should return. 

In Table II are reported the results obtained on a commercial 
preparation of cysteine hydrochloride. Variations in HCl and 
KI, within the limits shown, are seen to be without effect on the 
values obtained; the concentration of HI adopted as most suitable 
was 1 m on the basis of data obtained on the reduction of the inter- 
mediate oxidation products mentioned. In m HI the changing of 








wid 








YUM 


T. F. Lavine 143 


the amount of excess I, from about 10 per cent to over 1000 per 
cent, by varying the cysteine concentration, was also found to be 
without effect on the results which are moreover seen to be con- 
stant over a period of 3 hours. 

The fact that the values obtained are independent of the varia- 
tions in iodine, iodide, and acid concentrations indicates that the 
correct result was obtained. 


TaBLe II 
Iodometric Determination of Cysteine 









































Cysteine hydrochloride after 
HCl KI 
3-20 min. 1 br. 
M M per cent per cent 
0.04 n I,; 0.028 m 1.5 1.5 86.4 86.1 
cysteine 1.5 1.0 86.1 85.6 
1.0 1.0 85.0 84.5 
1.0 0.5 85.9 
0.5 0.5 86.1 
Eg 6. nivacvntensviisetineneiaiies aid 85.7 + 0.5% 
Cysteine hydrochloride after 
Cysteine 
30-50 min. 3 hrs. 
M per cent per cent 
0.04 n Iz; 1 m HI 0.0367 85.3 86.0 
0.0261 85.9 85.4 
0.0177 84.0 85.9 
0.0131 85.3 85.5 
0.0089 84.6 84.8 
0.0026 83.3 85.0 
I gon cin ck eamitpestsdboaaeke 84.7 + 0.8 85.4 + 0.4 











The analysis of a second commercial preparation is shown in 
Table III. The conclusion that the impurity in this preparation 
is chiefly water is supported by the agreement between the loss in 
weight on drying! and the determinations of HCl and cysteine. 


1 The conditions of drying were established by Dr. K. Shinohara of this 
Institute. 
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A disadvantage in the use of high concentrations of HI is its 
decomposition to form I; (cf. Tables I and III), which is influenced 
by the HI; concentration. While no significant change occurs in 
the cysteine values (the difference between the I, content of blank 
and solution) over a period of about 5 hours, beyond this time 


TaBLeE III 
Analysis of Cysteine Hydrochloride 





a at | 5-10 min. | 1 hr, | 2 hrs. | 3 hrs. | 





Experiment 1. 0.06704 gm. R—SH-HCI per 50 cc.; theory = 
0.00851 m R—SH 





% theoretical 


eee 0.02089 | 0.02130 | 0.02144 | 0.02174 
dics 0.01299 | 0.01340 | 0.01347 | 0.01380 
u R—SH............. 0.00790 | 0.00790 | 0.00797 | 0.00794 | 93.1 + 0.3 





Experiment 2. 0.0644 gm. R—SH-HCI per 50 cc.; theory = 
0.00817 m R—SH 











N J; blank............ 0.02090 | 0.02125 0.02162 
ell 0.01313 | 0.01352 0.01389 
m R—SH............. 0.00777 | 0.00773 0.00773 | 94.8 + 0.3 
Experiment 3. 0.1002 gm. R—SH-HCI per 50 cc.; theory = 
0.01272 m R—SH 
w Iz blank............| 0.03104 | 0.03125 0.03158 
OF PP. Sn kccnes 0.01845 | 0.01873 0.01905 
mM R—SH.............| 0.01259 | 0.01252 0.01253 | 98.6 + 0.3 








Experiment 1—HCl = 93.1 per cent of the theoretical as determined by 
titration with NaOH, with methyl red as indicator. 

Experiment 2—Loss on drying for 5 hours at room temperature over P;Os, 
1.2 per cent; HCl = 94.4 per cent of the theoretical. 

Experiment 3—Loss on drying 41 hours (constant weight) at room tem- 
perature over P,O;, 6.0 per cent; HCl = 99.4 per cent of the theoretical. 


discrepancies appear which are possibly occasioned by different 
rates of I, formation in the solution and blank. 

The determination of cysteine, prepared by reduction of cystine 
with nascent hydrogen, yielded essentially the same results. 
0.2402 gm. of cystine in 100 cc. of N HCI (final volume) were reduced 
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with Sn dust,? the dissolved Sn was precipitated by H.S, and the 
H.S blown out by CO,. The iodometric cysteine determination 
showed 101.4 + 0.4 per cent of the theoretical value, and after 48 
hours standing, 99.1 + 0.4 per cent. Reduction of 1.201 gm. of 
cystine in 50 cc. of 2 N HCl (final volume) with an excess of amal- 
gamated Zn for 17 hours resulted in a solution which gave by the 
iodometric determination 98.6, 99.8, and 99.7 per cent of the 
theoretical cysteine content after 0.1, 1, and 2 hours respectively. 

It may be concluded from the above results that the determina- 
tion of cysteine can be carried out under the specified conditions 
with an error of about +0.5 per cent, which compares favorably 
not only with that of the existing methods of cysteine estimation 
but also with the present criteria of purity of cysteine. 


SUMMARY 


Cystine was found to be stable against I, when in a solution of 
MHCland KI. The indirect iodometric determination of cysteine 
in M HCl and KI at room temperature was shown to yield results 
consistent with its oxidation to cystine. 
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2 Unreported data of Dr. Shinohara show the reduction of cystine in 
HCI solutions to be more satisfactory with Sn dust than with Zn dust. 
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METABOLISM OF /- AND dil-METHIONINE IN ADULT AND 
GROWING DOGS MAINTAINED ON DIETS OF 
VARIOUS PROTEIN CONTENTS 


By JAKOB A. STEKOL 
(From the Department of Chemistry, Fordham University, New York) 


(Received for publication, November 30, 1934) 


In previous communications it has been shown that [-cystine 
sulfur, when fed to adult dogs maintained on a protein-free diet 
(1) or to pups maintained on low sulfur diets (2), is retained by the 
animals to a large extent. Comparable amounts of dl-cystine 
sulfur, when fed to adult or growing dogs under the conditions 
used in experiments with /-cystine, were not retained as well as 
l-cystine sulfur. An appreciable portion of dl-cystine sulfur 
appeared in the urine of animals as neutral sulfur. 

Inasmuch as recent studies (3-6) have indicated a close physio- 
logical relationship between [-cystine and [- or d-methionine, it 
seemed of interest to compare the metabolism of J- and di-meth- 
ionine to that of l- and dl-cystine in adult and growing dogs, the 
same conditions as used in our previous work (1, 2) being employed. 
Since both isomers of methionine were shown to be capable of 
promoting growth in rats (3), it was anticipated that both forms 
of methionine sulfur, in analogy to lI-cystine sulfur, would be re- 
tained by adult dogs fed protein-free diets, and by growing dogs 
maintained on a low sulfur diet. 


EXPERIMENTAL 


In order to secure data on the metaboiism of /- and di-methio- 
nine in adult and growing dogs which would be comparable to that 
procured with /- and di-cystine in the same animals, the general 
experimental procedure used in the present work was the same as 
the one previously reported (1, 2). The composition of the diets 
is recorded in Table I. The low protein diet yielded about one- 
half the casein per kilo of body weight of the pups as did Cowgill’s 
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diet. All pups received in addition 50 gm. of tomato juice and 3 
ec. of cod liver oil per diem mixed with the food. The protein- 
free diet yielded 0.16 per cent nitrogen and 0.024 per cent sulfur. 
The nature of this nitrogen was not determined. Assuming that 
this nitrogen was entirely that of a protein nature, the diet then 
contained about 1.0 per cent protein. Inasmuch as experiments 
with /-cystine on adult dogs maintained on a diet of sucrose and 
fat yielded precisely the same results as those already reported 
(1), procured on adult dogs maintained on the diet described here 
as protein-free, we felt justified in using the latter as a protein-free 


TaBLe [ 
Composition of Diets 











Cowsgill’s* Low protein Protein-free 
ES Te See 43.7 22.0 0 
ei ie den Cy ee aes 40.6 62.3 84.3 
Squibb’s vitavose, gm..............} 11.6 11.6 11.6 
Salt mixture,f gm.................. 1.4 1.4 1.4 
ere eres ree 2.7 2.7 2.7 
i i, ops idcawenwieaen wn 7.0 7.0 7. 
is inc ne aulaar aden en 17.0 17.0 17.0 
Nitrogen, per cont... ...........00%: 4.92 2.57 0.16 
RN PP GNI 5 inn sv cere saescicws 0.250 0.125 0.024 











* Cowgill, G. R., Deuel, H. J., Jr., and Smith, H. H., Am. J. Physiol., 


73, 106 (1925). 
t Casein No. 453 purchased from The Casein Manufacturing Company 


of America, Inc. 
t As used by Karr, W. G., J. Biol. Chem., 44, 255 (1920). 


diet in preference to that of sucrose and fat. Moreover, sucrose 
and fat diet is not only protein-free but lacks other essential con- 
stituents and the animals show undesirable reluctance to eat the 
food at an early stage of the experiment. The protein-free diet 
as described here was consumed readily within 10 to 15 minutes. 
The diet yielded 70 to 80 calories per kilo of body weight. The 
dogs were kept on this diet for not longer than 30 to 40 days, when 
they were fed Cowsgill’s diet for several days. They were then 
returned to the protein-free diet. Each dog was maintained on 
the protein-free diet for 2 weeks before the compounds were ad- 
ministered. The compounds were fed mixed with the food which 














XUM 


J. A. Stekol 149 


was fed once a day at 9.15a.m. The urine was collected every 24 
hours at 9 a.m. by catheterization. Water was allowed ad libitum. 
The dogs used in the present work are the same animals as de- 
scribed previously (1). 

Pups of 4 to 6 weeks of age were placed in individual metabolism 
cages and fed Cowgill’s diet supplemented by 50 gm. of tomato 
juice and 3 cc. of cod liver oil per diem. In Table V the exact 
amount and kind of diet fed to the pups at the time of adminis- 
tration of methionine are indicated. The pups were weighed at 
frequent intervals and the amount of diet was adjusted with each 


TaBLeE II 
Rate of Gain As Related to Diet Fed 








Pup No. Age Diet* a me ~ el 
days gm. 
5c 48- 88 Cowgill’s 50 
79 48- 88 ” 37 
14¢ 35- 82 ss 49 
15 9 65- 86 4 65 
15 9 86-140 Low protein 36 
15 9 140-170 Cowgill’s 69 
16 o 62-101 ” 38 
162 101-131 Low protein 23 
16 131-160 Cowgill’s 40 














* The amount of food fed to the pups per kilo of body weight was the 
same in all cases, yielding 140 calories per kilo of body weight. The intake 
of food was increased with each approximately 0.5 kilo gain in body weight. 


approximately 0.5 kilo increase in body weight, so that the caloric 
intake, nitrogen, and sulfur per kilo of body weight could be main- 
tained practically constant. Such an adjustment in the amount 
of food was made approximately every 10 to 12 days on pups main- 
tained on Cowgill’s diet. Pups which were fed a low sulfur diet 
showed a much slower rate of growth and the increase of food in- 
take was not made as frequently as in the case of pups fed Cow- 
gill’s diet. No administration of methionine was made immedi- 
ately after the increase of food; in all cases the pups were allowed 
to reach a nitrogen and sulfur balance, which was generally attained 
within 5 to 6 days after the adjustment in food intake. The rate 
of gain of all pups, calculated on the basis of 100 gm. of diet 
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consumed, is shown in Table II. Pups 5, 7 (litter mates), and 15 
were raised to full maturity on Cowgill’s diet. The data on the 
rate of gain of the pups are presented, covering only the period 
directly related to the present work. A more complete summary 


TaBLe III 
Metabolism of dl-Methionine in Growing Dogs Maintained on Cowgill’s Diet 
































Urinary output 
Pup No. Age Weight 
Total N Urea N Total S | Total SO,S| Neutral S 
days kg. gm. gm. gm. gm. gm. 
5 oc 68 4.30 3.45 2.81 0.149 0.124 0.025 
69 3.47 2.89 0.140 0.119 0.021 
70 3.54 2.87 0.197 0.161 0.036* 
71 3.65 2.96 0.159 0.129 0.030 
72 3.58 2.81 0.152 0.117 0.036 
79 72 2.58 2.58 2.08 0.110 0.080 0.030 
73 2.42 1.94 0.089 0.069 0.020 
74 2.69 2.18 0.163 0.130 0.033* 
75 2.52 2.04 0.116 0.084 0.032 
76 2.51 1.97 0.103 0.071 0.032 
4¢ 72 1.95 1.84 1.54 0.118 0.050 0.068 
73 1.70 1.40 0.103 0.048 0.055 
74 2.04 1.66 0.229 0.164 0.065T 
75 1.62 1.37 0.136 0.084 0.052 
76 1.76 1.39 0.121 0.070 0.051 
15 9 72 3.10 2.50 2.03 0.131 0.070 0.061 
73 2.57 2.15 0.127 0.067 0.060 
74 2.54 2.03 0.209 0.134 0.075t 
75 2.55 2.15 0.150 0.089 0.061 
76 2.51 2.21 0.138 0.078 0.060 
1¢ 76 2.73 2.72 2.41 0.152 0.091 0.061 
77 2.83 2.59 0.155 0.093 0.062 
78 2.91 2.40 0.215 0.154 0.061f 
79 3.02 2.66 0.187 0.127 0.060 
80 2.90 2.59 0.159 0.100 0.059 





* 0.34 gm. of di-methionine was fed with the food; 0.067 gm. of S. 
t 0.67 gm. of di-methionine was fed with the food; 0.134 gm. of 8. 


of the data on the growing dog accumulated so far is reserved 
for future communications. 

All pups were fed twice daily at precisely the same time, 9 a.m. 
and 12 noon. The compounds were fed at 9 a.m. mixed with the 
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food. The urine was collected every 24 hours at $ a.m. and 
analyzed on the same day. Frequent urination and comparatively 
large volumes of urine excreted by the pups account, perhaps, for 
the insignificant variations in the composition of the urine from 


TaBLe IV 


Metabolism of l-Methionine and dl-Methionine in Growing Dogs Maintained 
on Low Protein Diet 




















Urinary output 
Pup No. Age Weight 
Total N Urea N Total S | Total SO.S/ Neutral S 

days kg. gm. gm. gm. gm. gm. 

15 9 94 4.54 1.96 1.40 0.084 0.033 0.051 
95 2.02 1.54 0.084 0.032 0.052 
96 1.65 1.29 0.113 0.053 0.060* 
97 1.57 1.07 0.104 0.050 0.054 
98 2.16 1.43 0.095 0.038 0.057 
99 2.10 1.56 0.098 0.038 0.060 
132 2.00 1.55 0.090 0.036 0.054 
133 2.08 1.61 0.093 0.037 0.056 
134 1.67 1.24 0.113 0.058 0.055t 
135 1.60 1.20 0.097 0.047 0.050 
136 5.45 2.03 1.57 0.090 0.039 0.051 

16 o@ 111 3.90 2.00 1.63 0.097 0.040 0.057 
112 1.96 1.59 0.100 0.042 0.058 
113 1.93 1.55 0.098 0.041 0.057 
114 1.59 1.22 0.111 0.054 0 .057* 
115 1.55 1.20 0.110 0.052 0.058 
116 1.97 1.60 0.095 0.039 0.056 
117 2.00 1.66 0.090 0.040 0.050 
118 1.62 1.37 0.110 0.062 0 .048t 
119 1.54 1.30 0.099 0.049 0.050 
120 2.07 1.58 0.091 0.037 0.054 
121 4.18 1.99 1.60 0.092 0.041 0.049 

















* 0.67 gm. of dl-methionine was fed with the food; 0.134 gm. of S. 
t 0.67 gm. of l-methionine was fed with the food; 0.134 gm. of 8. 


day to day, even though the urine was collected without catheter- 
ization. The data recorded in Tables III and IV illustrate the 
point in question. Water was allowed ad libitum. 

The plan of the experiments on adult and growing dogs was to 
feed the diet to dogs or pups for several days and analyze the urine 
daily until the values of various urinary constituents showed little 
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or no variation from day to day, to feed the compound mixed with 
the food, then to continue the experiment until the output of these 
excretory products had returned to normal. 

The following methods of analysis of urine were used: total N, 
Kjeldahl; urea, Van Slyke’s gasometric method (7); inorganic and 
ethereal sulfates, Folin (8); total sulfur, Denis’ modification of 
Benedict’s method (9); creatine and creatinine, Folin’s (10); pic- 
ric acid was recrystallized and purified according to Benedict (11); 
ammonia, Folin (12). 

A portion of the /-methionine used in this work was prepared 
from egg albumin by the method of Pirie (13). The remainder 
of l-methionine was kindly furnished by Dr. N. W. Pirie of Cam- 
bridge University. dl-Methionine was purchased from the East- 
man Kodak Company. The purity of the compounds was checked 
by analysis. 


Results 


The results are presented in Tables III and IV and in summar- 
ized form in Table V. In experiments with adult dogs maintained 
on a protein-free diet, total nitrogen, urea, ammonia, creatine, 
creatinine, and ethereal sulfate values did not show any significant 
variations on the day of the feeding of either /- or dl-methionine. 
For the sake of economy of space the values for the above constitu- 
ents were omitted. 

Experiments with l- and dl-Methionine in Adult Dogs Maintained 
on Protein-Free Diet—The data in Table V seem to indicate that 
63 to 71 per cent of both forms of methionine sulfur are retained 
by adult dogs maintained on a protein-free diet. In one experi- 
ment on Dog 15, feeding of di-methionine produced a small rise 
in the output of neutral sulfur in the urine. The NaCN-nitro- 
prusside test on the urine was, however, negative. The negative 
test on the urine, after feeding of methionine, was perhaps due to 
the fact that much smaller amounts of methionine were adminis- 
tered than reported by other workers (6). All dogs excreted the 
unutilized methionine sulfur as inorganic sulfate in 2 days. No 
effects on total nitrogen or any of the constituents which we deter- 
mined were observed on the day of feeding of /- or dl-methionine. 
The results obtained with /- and di-methionine feeding to adult 
dogs maintained on a protein-free diet are similar to those re 
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ported on I-cystine metabolism in the same dogs kept under simi- 
lar conditions (1). 

Experiments with dl-Methionine in Growing Dogs Maintained on 
Cowgill’s Diet—The data in Tables III and V seem to indicate 
that 74 to 100 per cent of the administered di-methionine sulfur is 


























TABLE V 
Metabolism of l- and dl-Methionine in Adult and Growing Dogs 
a ilo boa 
n Methio- Recov-| yp; weight 
ge nine fed | | ered iet per 24 hrs. 
Inor- | Neu- 
ganic | tral s N 
8 8 

days gm. pat ae pat gm mg. gm. 

Pup 5 70 | dl- 0.34 85.0) 0O 85.0} Cowgill’s 112 65 {1.30 
- 2 74 ** 0.34) 74.0) 0 74.0 ” 112 65 {1.30 
= oe 69 ** 0.34 89.0) 0 89.0 * 74.4) 70 |1.40 
oe 73 ** 0.34) 82.0) 0 82.0 +“ 74.4} 70 |1.40 
- Fi a ** 0.34)100.0)} O | 100.0 - 93.0} 65 |1.30 
2 74 ** 0.67} 90.0) 10.0} 100.0 " 56.0} 70 |1.35 
== 74 ** 0.67) 50.0) 11.0) 61.0 aia 88.0} 72 |1.40 
“ 615 80 ** 0.67] 65.0)/10.0) 75.0 " 88.0| 72 |1.40 
- 78 ** 0.67) 70.0) 0 70.0 " 88.0} 72 |1.40 
" = 96 ** 0.67) 25.0) 0 25.0} Low protein 133.0] 34 |0.69 
* 15| 106 ** 0.67) 20.0} 0 20.0) ‘* ” 133.0| 34 |0.69 
“ 16| 114 ** 0.67) 19.0) 0 19.0) ‘ ” 111.0} 36 |0.70 
“ 15| 134 |l- 0.67) 19.0) 0 19.0) ‘ " 154.0} 34 (0.69 
“ 16] 118 | ‘* 0.67} 21.0} 0 21.0) “ - 111.0} 36 |0.70 
Dog 7) 645 | dl- 0.67) 32.0) 0 32.0) Protein-free 124.0} 4 |0.026 
= Ft ae ** 0.67| 37.0) 0 37.0 - 124.0} 4 (0.026 
‘¢ 12 | Adult} ‘* 0.67) 37.0) 0 37.0 = 136.0| 2 (0.014 
“ 615 - ** 0.67) 24.0) 10.0) 34.0 ? 124.0} 3 (0.022 
- ne l- 0.67) 30.0) 0 30.0 - 124.0}; 3 |0.022 
+ " ** 0.67) 29.0) 0 29.0 - 124.0} 3 |0.022 


























metabolized by the growing dog maintained on Cowgill’s diet to 
yield inorganic sulfates in the urine. The excretion of the extra 
inorganic sulfur extended over 2 days. In three experiments 
(Pups 14 and 15) a small fraction of the administered dl-methio- 
nine sulfur appeared in the urine on the Ist day as neutral sulfur. 
The NaCN-nitroprusside test on the urine was again negative. 
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No effects on total nitrogen or any of the constituents which we 
determined were observed on the day of feeding of dl-methionine, 
or on the days following, to pups maintained on Cowgill’s diet. 
The results with dl-methionine are similar to those obtained 
with /-cystine feeding to pups maintained on Cowgill’s diet (2). 

Experiments with |- and dl-Methionine in Growing Dogs Main- 
tained on Low Sulfur Diet—The data in Table IV seem to indicate 
that both forms of methionine are almost completely and equally 
well retained by the growing dog maintained on a low sulfur diet. 
The diet yielded about one-half the amount of sulfur per kilo of 
body weight of the pup as yielded by Cowgill’s diet. 75 to 81 per 
cent of the ingested methionine sulfur was retained. The re- 
mainder was excreted in the urine as inorganic sulfate in 2 days. 
Both pups showed an unmistakably greater retention of nitrogen 
on the day of administration of either /- or dl-methionine and on 
the day following, as indicated by a drop in the output of total 
nitrogen in the urine for 2 successive days. The drop in nitrogen 
was accounted for by a corresponding drop in the output of urinary 
urea. . In both pups fecal nitrogen remained constant throughout 
the experiments. These findings are comparable to those of Lewis 
‘ (14) who fed /-cystine to adult dogs maintained on low protein 
diets and to ours (2) on one of the pups which was fed /-cystine 
while maintained on a low protein diet. 


DISCUSSION 


The results obtained with /- and dl-methionine on adult dogs 
maintained on a protein-free diet are analogous to those secured 
with /-cystine on the same animals fed a similar diet (1). The 
data apparently indicate that /- and di-methionine sulfur are as 
readily retained by the dog as /-cystine sulfur. As in the experi- 
ments with /-cystine, the retention of the administered methionine 
sulfur was not followed by a decreased output of urinary nitrogen. 
This observation seems to suggest that the retained /-cystine or 
either form of methionine sulfur is utilized by the dog maintained 
on a protein-free diet, not necessarily in the form of protein, and 
that the adult dog possesses a store of sulfur other than, and in 
addition to, the tissue protein. The results seem also to corro- 
borate the observations of previous workers made on pigs (15). 
These investigators have found that feeding of /-cystine to pigs 
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which were reduced to a minimum endogenous nitrogen balance 
does not improve appreciably the negative nitrogen balance. 
Most of the l-cystine sulfur fed was, however, retained by the pig, 
thus inducing a positive sulfur balance. Lewis (14) has postulated 
that feeding of /-cystine to adult dogs maintained on low protein 
diets improves the nitrogen balance of the dog. Our results seem 
to suggest that the observation of Lewis (14) does not apply to 
dogs maintained on a protein-free diet, and that the output of 
endogenous nitrogen in the urine is independent of the food sulfur. 

Growing dogs retained /- and di-methionine sulfur while main- 
tained on a low protein diet. The diet yielded half as much sulfur 
per kilo of body weight of the pups as Cowgill’s diet. On Cow- 
gill’s diet, no retention of dl-methionine sulfur took place. The 
data recorded in Table II indicate that the pups showed a marked 
retardation in the rate of gain when they were given the low pro- 
tein diet. We preferred to use the same animal in comparing the 
nutritional value of our diets rather than to make comparisons of 
different animals. This procedure seems more reliable, particu- 
larly because our animals were mongrels and presented consider- 
able individual variations in the rate of gain, even when maintained 
on the same diet. The results seem to indicate that Cowsgill’s 
diet, when fed in the amounts shown in Table V, was adequate 
in its casein and sulfur content to meet the requirements for 
growth in dogs. The data on /- and di-methionine are comparable 
to those procured with l-cystine on growing dogs (2). The reten- 
tion of /- or dl-methionine sulfur by the growing dog was invariably 
followed by an increase in the utilization of food nitrogen. This 
observation corroborates our previous findings on one of the pups 
which was fed /-cystine while maintained on a low protein diet 
(2) and the earlier one of Lewis (14) on adult dogs which were 
maintained on low protein diets. From the work of Lewis (14) 
and the results reported here, it seems that in the absence of ade- 
quate amounts of sulfur in the diet, a certain portion of the utiliz- 
able nitrogen of the food cannot be retained by the animal and is 
excreted in the urine, mainly as urea. The so wasted nitrogen is 
apparently that of the metabolized amino acids which under nor- 
mal dietary conditions would have been retained by the growing 
dog to build new protein and by the adult dog to replace tissue 
waste. This is indicated by the observation that the diminished 
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output of nitrogen in the urine of growing dogs on the day of 
administration of either /-cystine or /- or dl-methionine is accounted 
for by a corresponding drop in the output of urinary urea. The 
depression in the output of urinary nitrogen on the day of adminis- 
tration of /-cystine is not apparently due to the sparing action of 
l-cystine on the tissue of adult animals maintained on low protein 
diets (14). It appears probable that the utilization of cystine or 
methionine sulfur by the growing dog may perhaps be an indica- 
tion of the increased synthesis of protein from the administered 
cystine or methionine and the amino acids of the food which, 
without adequate amounts of cystine or methionine in the food, 
would have been metabolized and excreted in the urine as urea. 
The observations that both forms of methionine (3), in contrast 
to the results obtained with d-cystine (16), promote growth in 
rats, and that the cystine-deficient rats store less tissue protein 
than their litter mates receiving /-cystine in addition to the cys- 
tine-deficient diet (17), seem to corroborate the interpretation of 
our results. 


I wish to express my gratitude to Dr. N. W. Pirie for his gener- 
osity in placing at my disposal a sample of /-methionine. 


SUMMARY 


1. l- and dl-methionine were fed to adult dogs maintained on a 
protein-free diet and to growing dogs maintained on Cowsgill’s and 
low sulfur diets. 

2. l- and dl-methionine sulfur were almost completely and equally 
well retained by adult dogs maintained on a protein-free diet and 
by growing dogs maintained on low sulfur diets. Retention of l- 
or dl-methionine sulfur by the growing dog was accompanied by 
an increased utilization of food nitrogen. 

3. The metabolism of /- and di-methionine in adult and growing 
dogs is similar to that of /-cystine in the same animals fed and kept 
under identical conditions. 
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The early work on intestinal lactase has been reviewed by Plim- 
mer (1906) and Oppenheimer (1925). No uniformity of opinion 
was reached regarding the presence and distribution of this enzyme 
in the intestinal mucosa or in intestinal juice. Without attempt- 
ing to review these investigations again, it suffices to state that 
some authors found lactase in the small intestine of young animals. 
Others reported its presence in the intestine of adult animals as 
well. 

It is well known that animals do not utilize lactose readily when 
it is administered parenterally. When this sugar is given by 
mouth, however, it is absorbed and utilized. Unless the quantity 
fed is large, it is not excreted in the urine to any extent. Thus, all 
evidence points to the probability that lactose given per os is 
normally hydrolyzed before it is absorbed (Corley, 1927). Hereto- 
fore, attempts to account for lactose absorption in terms of the 
observed lactase activity have not been successful. Réhman and 
Nagano (1903) in their-extensive study of sugar absorption in 
dogs found no lactase activity in intestinal juice and only slight 
activity in the mucosa. In the Thiry loops of their dogs the ob- 
served lactase activity was totally inadequate for the hydrolysis 
of the lactose absorbed from the loops. They concluded that this 
sugar was not hydrolyzed prior to its absorption as were sucrose 
and maltose. Cajori (1933) found that lactose was absorbed from 
intestinal loops of dogs much more rapidly than could have been 
predicted from the enzyme activity of the intestinal juice. 

The analytical methods available to the early investigators were 
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not satisfactory. Probably much of the uncertainty about in- 
testinal lactase is ascribable to the analytical difficulties encoun- 
tered in determining small quantities of glucose and galactose in 
the presence of larger amounts of lactose. The recent method of 
Tauber and Kleiner (1932-33) for the determination of monosac- 
charides has proved to be an adequate tool for quantitative lactase 
studies. Employing this method, we have reinvestigated the 
distribution of lactase in the adult dog’s small intestine. The 
results which have been obtained are pertinent to discussions of 
the nutritive value of lactose (Koehler and Allen, 1934), for we 
have found lactase in quantities sufficient to account for the hy- 
drolysis of considerable amounts of lactose in the small intestine. 

Few studies have been published in which the characteristics 
of intestinal lactase have been investigated. Added information 
about this enzyme and the conditions influencing its action is 
presented in this paper. 


EXPERIMENTAL 


Enzyme Sources—Intestinal mucosa, stripped from the duode- 
num or jejunum of adult dogs, when employed directly without 
extraction, was prepared for use by grinding weighed samples of 
the fresh tissue with sand. 

Water extracts were also used. They were prepared by extract- 
ing mucosa in the cold with an equal weight of toluene water for 
several days. After filtering through cotton or centrifuging, a 
turbid, milky extract was obtained which was used without further 
treatment, except in experiments involving adsorbing agents. 
These crude extracts kept well at 3° with only moderate decreases 
in enzyme activity during several weeks. 

Intestinal juice was obtained from dogs with Thiry loops' and 
was centrifuged before use. 

Either water extracts of fresh dog liver were used or extracts of 
liver after dehydration and defatting with acetone and ether. 

Enzyme Activity—The digestion mixtures usually consisted of 
1 volume of 5 per cent (0.14 m) lactose solution, 1 volume of 0.2 Mm 
buffer solution, acetic acid-sodium acetate at pH 5.6, and 0.5 vol- 

1 For the collection of this juice, Dr. Ravdin and Dr. Johnston of the 


Department of Research Surgery kindly permitted us to use their fistula 
dogs. 
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ume of enzyme solution or the weighed tissue. For monosaccha- 
ride analysis, 5 cc. portions were removed immediately after addi- 
tion of the enzyme and at intervals afterwards. The mixtures, 
preserved with toluene, were kept at 38°, usually for digestion 
periods of 1 to 4 hours. 

Enzyme solutions, inactivated by heat, were employed as con- 
trols in the usual way. No increase in monosaccharides was noted 
in these control experiments. In some trials with fresh tissue and 
with liver extracts, substitution of water for the lactose solution 
revealed an increase of monosaccharides, or substances oxidized 
by copper acetate. In these cases suitable correction was applied 
to the lactose results. The formation of reducing substances in 
intestinal extracts or juice was not observed. 

Monosaccharide Analysis—In preparing a filtrate for the sugar 
determination, colloidal iron was found convenient. 1 cc. of 
colloidal iron (Merck, 5 per cent) and a drop of 20 per cent Na,SO, 
were added to the 5 cc. sample removed from the digestion mixture. 
The precipitated ferric hydroxide was first separated by centrifug- 
ing and filtering and then repeatedly washed with water. The 
enzyme activity was removed, but not destroyed, by the ferric 
hydroxide and it was found important to avoid delays in separating 
the solution and the precipitate. The filtrate was made up to a 
volume of 50 or 100 cc. and 2 cc. aliquots were used for the mono- 
saccharide determination, according to the directions of Tauber 
and Kleiner. 

The electrolytes, acetates and phosphates, which were used as 
buffers in the digestion mixtures did not affect the copper reagent 
in these dilutions. At greater concentrations, phosphates inter- 
fered seriously with the Barfoed reagent. 

With this method very liftle color was developed from the lac- 
tose present. For this reason it proved especially valuable when 
enzyme action was weak. 


Results 


Distribution of Intestinal Lactase—Typical results, obtained 
when lactose was digested with intestinal mucosal tissue and succus 
entericus, are givenin Table i. It will be noted that the maximum 
lactase activity was obtained when fresh, finely ground tissue was 
used. Jejunal mucosa revealed a 10 to 30 per cent greater lactase 
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activity than duodenal tissue. In the four experiments in which 
duodenal and jejunal mucosa are compared, the two tissues, after 
removal from the animal, were subjected to identical treatment 
before and during the digestion trials. Water extracts of mucosa 
uniformly showed less enzyme activity than the tissue. Feeble 
enzyme activity was found in jejunal juice, the range of activity 
of six juices tested being 0.5 to 3.1 mg. of lactose hydrolyzed per 
cc. of juice per hour. Juice from a Thiry loop of the colon failed 
to induce lactose cleavage. 


TaBLe I 


Lactose Hydrolysis with Dog Intestinal Mucosal Tissue, Mucosal Extracts, 
and Succus Entericus 








Lactose 
Experi- — Experi- hy 5 zed 
ment Enzyme source lyzed per | ment Enzyme source pet St. per 
No. hr. per No. 7 — 
gm. tissue e juice 
mg. mg. 
Fresh mucosal tissue Mucosal extracts 
1 Duodenal 12.1 10 Duodenal 4.0 
Jejunal 13.8 11 - 4.6 
2 Duodenal 9.1 12 " 3.8 
Jejunal 13.2 13 Duodenal-jejunal|} 5.2 
3 Duodenal 32.1 14 ” 9.6 
Jejunal 40.2 15 ” 4.2 
4 Duodenal 14.7 16 = 5.4 
Jejunal 24.2 
5 Duodenal-jejunal 5.7 
6 ” 14.6 17 | Jejunal juice 13 
7 rt 18.9 18 ty - 2.2 
8 - 8.4 19 " ” 3.1 
9 ™ 26.7 20 i - 0.5 




















The observation that water extracts of mucosa are less active 
than the unextracted tissue and that the succus entericus exhibits 
only slight lactase activity suggests that this enzyme is intimately 
associated with mucosal cells. This conclusion that the succus 
entericus is a digestive fluid of only minor importance was recently 
reaffirmed for a number of enzymes of the small intestine by Ca- 
jori (1933). The major digestive action, resulting from enzymes 
elaborated in the small intestine, would then occur intracellularly 
or in direct contact with the mucosa, 
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The lactase activity here reported is less than the maltase and 
sucrase activity of the intestinal tissue of dogs found by Réhman 
and Nagano (1903). It is important to determine whether the 
observed lactase is sufficient to account for the hydrolysis of lac- 
tose when this sugar is absorbed from the gut. Cajori (1933) 
observed in the dog an average absorption of 435 mg. of lactose in 
1 hour from a 22 cm. Thiry loop of the jejunum. The area of 
this loop was estimated to be 88 sq.cm. and to contain 12.5 gm. 
of mucosa. This latter estimate was based on an average yield 
of 0.14 gm. of mucosa per sq.cm. of gut. If the 435 gm. of ab- 
sorbed lactose were hydrolyzed, each gm. of mucosa hydrolyzed 35 
mg. of lactose. This is probably a maximal value, for it is quite 
likely that under the extreme conditions of this experiment some 
lactose disappeared from the loop unhydrolyzed. The loop is 
flooded with sugar solution, a condition which must rarely occur 
during ordinary feeding. It will be observed in Table I, neverthe- 
less, that an occasional active tissue preparation exhibited a lac- 
tase activity of this order. This seems significant, for the actual 
lactase activity of tissue functioning in situ is undoubtedly greater 
than can be demonstrated experimentally. Conditions during 
testing of enzyme activity must only approximate those existing 
during digestion and absorption. 

In view of these findings one is not forced to conclude, as Réh- 
man and Nagano did, that lactose is necessarily absorbed without 
being hydrolyzed. However, in this connection it is of some 
interest to record the finding of slight lactase activity in liver 
tissue and in water extracts of liver. Although liver rarely hy- 
drolyzed more than 1 mg. of lactose per hour per gm. of tissue, the 
finding of a liver lactase may be of significance in revealing a fur- 
ther mechanism for lactese hydrolysis in the body. 

Characteristics of Intestinal Lactase—W ater extracts of intestinal 
mucosa were used in studying the characteristics of lactase and 
the factors influencing its action. 

pH Optimum—lIn determining the pH optimum, 0.2 m acetate 
or phosphate buffers were used. In the critical range, the pH of 
the buffers and certain of the digestion mixtures was determined 
with the glass electrode.? 

2 We are indebted to Dr. E. J. de Beer for the measurements with the 
glass electrode. 
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Dog intestinal lactase exhibited optimum activity (Chart 1) 
in solutions of pH 5.4 to 6.0. This optimum pH is similar to that 
found for intestinal lactase in other animals, but is distinctly 
different from plant lactases. Freudenberg and Hoffman (1922) 
state that calf intestinal lactase had an optimum activity at about 
pH 5.0. Wigglesworth (1927) reported a pH optimum range of 
5.0 to 6.4 for gut lactase of the cockroach. Willstatter and Oppen- 
heimer (1922) found that yeast lactase had a pH optimum at 7.0, 
whereas pH 4.2 was optimum for almond lactase according to 
Willstatter and Csdnyi (1921). 


419. 
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4-0 5.0 6.0 7.0 
PH 


Cuart 1. Activity of lactase from dog intestine 


Reaction Course—Armstrong (1904) studying the hydrolysis of 
lactose with lactase from kephir-grains observed that the mono- 
molecular reaction constant increased at first, and decreased later. 
The same thing was found in the case of yeast lactase by Will- 
stitter and Oppenheimer (1922). In our experiments with in- 
testinal lactase, we followed the hydrolysis of lactose at intervals 
during a 24 hour period. It is interesting to note (Table II) that 
a similar monomolecular reaction course was observed. 

Effect of Substrate Concentration—The initial velocity of lactose 
hydrolysis was found to decrease when the lactose concentration 
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in the digestion mixtures was less than 2 per cent (0.056m). Ata 
lactose concentration of 0.006 m the initial velocity was about one- 
half of the maximum observed with higher lactose concentrations. 

Analysis of the data by graphical methods indicated that this 
value, 0.006 mM, may be regarded as a true Michaelis constant and 
that the mechanism of lactase action involves the combination of 
1 molecule of lactose and 1 molecule of enzyme. For evaluation 
of the dissociation constant, K,, in the simplest case of enzyme- 
substrate combination, S + E = SE, Lineweaver and Burk (1934) 


TaBxe II 
Lactose Hydrolysis by Intestinal Lactase 


15 cc. of 0.2 M acetate, pH 5.6; 15 cc. of 0.14 m lactose; 7.5 cc. of duodenal- 
jejunal extract; 1.5 cc. of toluene; 7 = 38°. 5 cc. portions removed for 
monosaccharide analysis. 








t Monosancharides | x (lactose hydrolyzed) K* 
hrs. mg. per cent 

1.0 30 4.0 0.0177 
2.0 62 8.3 0.0188 
3.0 92 12.3 0.0190 
5.0 146 19.5 0.0188 
7.0 191 25.5 0.0183 
23.5 469 62.5 0.0181 














* K = (1/2) log (100/(100 — z)). 


suggest the use of the linear form of the Michaelis-Menten equa- 
tion: 
1 K, I 


° z Vnez. 8 + Vmax. 


When the reciprocals of the velocities (v) were plotted against the 
reciprocals of the lactose concentrations (S) a straight line resulted. 
Following Lineweaver and Burk’s method, the slope of the line 
K./Vmax. was determined and Vax. obtained by straight line 
extrapolation. In Experiment 1, K, was calculated as 0.0055 and 
in Experiment 2as 0.0061. The initial velocities at different lactose 
concentrations and the initial velocities calculated from the K, 
values 0.0055 and 0.0061 are given in Table III. The agreement 














166 Intestinal Lactase 


between the observed and calculated velocities justifies the exten- 
sion of the Michaelis concept to this enzyme. This value for the 
Michaelis constant is very much lower than the K, for gut inver- 
tase (Cajori, 1930). 

In the presence of glucose, lactase action was retarded, the de- 
crease in lactose hydrolyzed in 22 hours amounting to 40 per cent. 
On the other hand, galactose in a similar period had practically no 
effect on lactase activity. In both experiments the initial molar 


TaBLeE III 
Initial Velocity of Lactose Hydrolysis «t Different Lactose Concentrations 





Relative initial | Initial velocity 








I hydro- 
concentration coy re hrs. ont, pies 
M mg. per cent per cent 
Experiment 1 0.110 24.3 100 
0.056 24.4 100 
0.028 22.5 92 84 
0.014 17.5 72 72 
0.009 15.0 62 62 
0.007 14.4 59 56 
0.0035 9.3 38 39 
0.002 6.0 25 27 
Ks = 0.0061 
Experiment 2 0.056 30.5 100 
0.014 23.1 76 70 
0.006 15.0 49 49 
0.0044 11.9 39 42 
0.0017 5.0* 16 22 

















* Not used in the calculation of K,. 


concentration of monosaccharides was twice that of lactose. This 
result confirms the earlier observations of Stevenson (1912) who 
characterized gut lactase as glucolactase. 

Freudenberg and Hoffman (1922) reported that phosphates 
accelerated the action of calf intestinal lactase. With dog muco- 
sal extracts, we have been unable to observe that the addition of 
phosphate had any effect on the rate of lactose hydrolysis. At the 
same pH, identical amounts of lactose were hydrolyzed with ace- 
tate alone and with the’acetate plus phosphate. 
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Adsorption—A few experiments are presented recording the 
behavior of intestinal lactase in the presence of adsorbing agents. 

When shaken for a few minutes with kaolin, extracts of intestinal 
mucosa, acidified with acetic acid, were considerably clarified. 
There was no loss of lactase activity. In alkaline solutions, kaolin 
removed considerable amounts of the enzyme. Treatment with 
kaolin served as a convenient method for partial purification of the 
crude mucosa extracts. The extracts, containing acetic acid, re- 
tained their activity although lactase was found to be very sensi- 
tive to strong acid. An extract made acid to Congo red with HCl 
was completely inactivated in a few minutes. 

Ferric hydroxide or alumina cream completely adsorbed lactase 
from crude or clarified extracts, acidified with acetic acid. 

Elution of the enzyme from these adsorbing agents was at- 
tempted with dilute NaOH, NH,OH, or Na,HPO, solutions. 
Elution was incomplete or accomplished with great loss of activity. 
Maximum recoveries of 20 to 25 per cent of the original lactase 
activity were obtained with 0.2 Mm Na,HPOQ,. 

Some peptization of ferric hydroxide occurred during elution 
from this adsorbent and yellow solutions resulted. This was 
observed with freshly precipitated Fe(OH); and with prepara- 
tions that had been aged for a year. 

The enzyme solutions obtained after the use of kaolin, adsorp- 
tion, and elution gave positive biuret tests and contained heat- 
coagulable protein. 





SUMMARY 


A lactose-splitting enzyme has been found in the duodenal and 
jejunal mucosa of the dog, in water extracts of the mucosa and, to 
a lesser extent, in jejunal juice and in liver. The question of lac- 
tose hydrolysis in the intestinal mucosa in relation to lactose ab- 
sorption has been discussed. 

Intestinal lactase exhibited maximum activity in acid solution, 
between pH 5.4 and 6.0. Its activity was inhibited by glucose but 
not by galactose. The presence of phosphates had no effect on 
the lactase activity. A determination of the Michaelis constant 
revealed a K, value of 0.006. 

Lactase was found to be adsorbed readily, from slightly acid 
solution, by aluminum hydroxide or ferric hydroxide. 
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The effect of a preliminary heat treatment of proteins upon their 
digestion in vitro appears to be dependent to some degree on the 
nature of the protein. The studies of Waterman and Johns (1) and 
of Jones and Waterman (2) have demonstrated that a partial 
cooking of phaseolin, casein, and cottonseed globulin increases the 
extent of hydrolysis of these proteins by the successive action of 
pepsin and trypsin. The digestion of arachin, however, was unin- 
fluenced by heat treatment prior to enzymatic action. 

The question of the relative physiological value of raw and of 
heat-treated egg white has served to emphasize again the impor- 
tance of heat as a factor in determining the extent of utilization of 
proteins. Investigations dealing with this subject have in the 
majority of instances involved growth or nitrogen balance studies; 
conflicting results have been reported (3-7). Of particular interest 
are the recent studies of Parsons and coworkers (8-10) and of 
Salmon and Goodman (11) on the nutritional disorder produced 
by feeding large quantities of raw egg white to rats. 

In view of the conflicting results and diverse explanations con- 
cerning egg white in nutrition, an investigation of the in vitro 
hydrolysis of raw and of heat-treated egg white has been con- 
ducted. Data have been obtained concerning: (1) the compara- 
tive rates of digestion of raw and of heat-treated egg white in vitro, 
and (2) the extent of hydrolysis of both types of substrate by pep- 
sin and trypsin acting both individually and successively. 


EXPERIMENTAL 


A stock egg white powder was prepared by drying the whites 
of fresh eggs in vacuo over sulfuric acid at 25°; the dried product 
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was ground to a fine powder and thoroughly mixed. Standard 
egg white solutions were prepared by suspending 5 gm. of the 
powder in 500 cc. of water, shaking until a uniform suspension was 
obtained, and then slowly adding with shaking 450 cc. of boiling 
distilled water. The mixture was thoroughly agitated until solu- 
tion was practically complete,’ cooled to room temperature, and 
diluted to 1000 cc. with distilled water. 100 cc. aliquots were 
withdrawn; for purposes of reference, these will be called Samples 
A, B, C, D, ete. 

Aliquot Sample A was adjusted to pH 8.0 with 1 per cent sodium 
hydroxide, warmed on a water bath to 40°, and treated with 10 ce. 
of a 1 per cent trypsin? solution. The flask was shaken thor- 
oughly and a 10 ce. portion withdrawn for analysis. To the 
remainder of the solution were added 5 cc. of a 0.4 per cent thymol 
solution in ethyl alcohol and the flask was stoppered and placed 
in an incubator maintained at 38°. Samples were withdrawn at 
varying intervals of time for analysis. Enzymatic action in each 
withdrawn aliquot was terminated by heating the solution for 5 
minutes at 80°. The sample was then allowed to cool to room 
temperature and titrated by means of the Sérensen formol titra- 
tion (12).* 

A second 100 cc. aliquot (Sample B) of the egg white solution 
was immersed in a boiling water bath for exactly 1} minutes.‘ In 
a similar manner, subsequent aliquots (Samples C, D, E, etc.) 
were heated for 5, 10, 30, 45, 60, and 120 minutes respectively. 
Each of these solutions was then made up to the original 100 cc., 


1A small, barely perceptible amount of material failed to dissolve. 

21:110 trypsin, Difco Laboratories. 

3 A series of check determinations has been conducted in which the in- 
crease in carboxyl groups was determined by titration in 90 per cent alcohol 
according to the method of Willstiatter and Waldschmidt-Leitz (13), with 
thymolphthalein as the indicator. The trend of the values given by the 
latter procedure was similar to that yielded by the Sérensen method. Since 
the results in these experiments are of interest because of their relative, 
rather than their absolute magnitude, we are reporting the titration values 
obtained with the Sérensen technique. The significance of the measure- 
ments by each of these two volumetric methods, and the adequate accuracy 
of the Sérensen procedure for the present type of investigation, have re- 
cently received excellent discussion by Richardson (14). 

*The egg white solution became slightly opalescent when subjected 
to the heat treatment, but there was no flocculation of protein. 
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replacing the water lost by evaporation during the boiling process. 
These aliquots were then treated with trypsin, incubated, and 
analyzed at intervals, as described above. For each 100 ce. 
aliquot, simultaneous control experiments were performed by incu- 
bation of (1) 0.1 gm. of trypsin dissolved in 100 cc. of water and 
(2) 100 ce. of stock egg white solution; both controls were adjusted 
to pH 8.0, and analyzed at the same intervals as were the with- 
drawn samples of the experimental digest. The sum of the two 
titration values from these control solutions was considered as a 
blank and subtracted from the figure obtained by analysis of the 
digest aliquot. Table I presents the experimental values of these 
trypsin studies. 


TaBLeE I 
Hydrolysis of Egg White by Trypsin 
Each value represents the corrected cc. of 0.05 n sodium hydroxide re- 
quired to titrate a 10 cc. portion of the digest. 











Preliminary Incubation time, in min. 

heati 

oe 20 40 60 90 120 180 240 300 
min 

0 0.05 0.05 0.05 0.09 | 0.11 | 0.11 0.15 | 0.17 
1.5 0.14 0.26 0.28 0.36 | 0.44 | 0.52 | 0.58 | 0.68 
5 0.28 0.50 0.56 0.72 | 0.82 | 0.95 1.10 1.15 
30 0.48 0.62 0.80 0.82 0.95 1.06 1.12 1.22 





























Experiments were also conducted in which the action of trypsin 
was preceded by an incubation period with pepsin. In these 
experiments, 100 cc. aliquots (Samples A, B, C, etc.) of a stock 
solution of 0.5 per cent: egg. white powder in 0.3 per cent hydro- 
chloric acid were used. Sample A was treated with 10 ce. of a 1 
per cent solution of pepsin,® preserved with thymol, and incubated 
at 38° for 90 minutes. At the end of this period, a 10 cc. aliquot 
was withdrawn for analysis; the remaining contents of the flask 
were adjusted to pH 8.0 with n sodium hydroxide and treated with 
trypsin, incubated, and analyzed at intervals as already described. 
Simultaneous blank determinations were conducted on egg white 
in 0.3 per cent hydrochloric acid and on the enzyme solutions. 


5 1:3000 pepsin, Parke, Davis and Company. 
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The experimental values obtained were corrected by these blank 
titration values. 

Aliquot Samples B, C, D, ete., were subjected to preliminary 
heating periods of varying length, before being treated with pepsin. 
The subsequent procedure was identical with that outlined in the 
preceding paragraph. The results of the studies in which trypsin 
was preceded by pepsin are presented in Table IT. 

Under the experimental conditions employed, the cleavage of 
raw egg white by pepsin is negligible, while trypsin exhibits a 


TaBLeE II 
Hydrolysis of Egg White by Trypsin Following a 90 Minute Incubation Period 
with Pepsin 
Each value represents the corrected cc. of 0.05 N sodium hydroxide re- 
quired to titrate a 10 cc. portion of the digest.* 











Preliminary] Incubation time, in min. 
period 20 40 60 90 120 180 240 300 
min. 
0 0.20 0.43 0.55 0.74 | 0.77 | 1.00 | 1.06 | 1.06 
1.5 0.62 0.81 0.85 0.93 1.22 | 1.32 | 1.32 | 1.42 
5.0 1.08 1.12 1.26 1.27 1.40 | 1.42 | 1.54 | 1.58 
30 1.13 1.19 1.26 1.38 | 1.49 1.54 | 1.58 | 1.71 
45 1.34 1.54 1.68 1.80 1.80 | 2.02 | 2.08 | 2.12 





























* The values have been obtained by subtraction of the titration figure 
found at the end of the 90 minute incubation period for pepsin from the 
titration value resulting after tryptic incubation. These pepsin values, 
expressed as cc. of 0.05 n sodium hydroxide required to titrate 10 cc. of the 
digest, were 0.0 cc. for raw egg white, and 0.28, 0.42, 0.70, and 1.50 ce. for 
egg white subjected to preliminary heating periods of 1.5, 5, 30, and 45 
minutes respectively. 


limited ability to hydrolyze this substrate.* However, despite the 
apparent inactivity of pepsin with the raw egg white, it appears 
that this enzyme did cause some change in this material, since 
tryptic action was much more extensive when preceded by pepsin 
than when trypsin alone was used (compare Table I and Table II, 
raw egg white). 

A preliminary heating of the egg white solution prior to incuba- 


6 The titration results obtained after peptic action under the conditions 
described have also been checked by the Northrop technique (15). 
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tion with the enzymes resulted in a marked increase in the extent 
of hydrolysis of the substrate. When trypsin alone was used, the 
degree of hydrolysis of egg white increased as the preliminary heat- 
ing period was extended to 30 minutes. Longer heating periods 
did not further the hydrolytic process; the titration data for egg 
white solutions heated for 30, 45, 60, or 120 minutes previous to 
incubation with trypsin are identical within the limits of experi- 
mental error. When the action of trypsin was preceded by pepsin, 
there was a continued increase in the magnitude of hydrolysis of 
egg white as the preliminary cooking period was lengthened to 45 
minutes. Egg white solutions heated for 45, 60, or 120 minutes 
previous to peptic plus tryptic action yield similar data. 


DISCUSSION 


The results which have been obtained are in harmony with those 
of in vivo experiments which have indicated a better utilization of 
heat-treated than of raw egg white. Of the hypotheses which 
have been offered to explain this difference in physiological avail- 
ability, the suggestion that the indigestibility of raw egg white is 
due to a heat-labile, antitryptic factor appears to be in concordance 
with the present findings. The recent work of Balls and Swenson 
(16) on the antitrypsin of egg white is of considerable interest in 
this connection. These investigators reported the preparation 
from egg white of a concentrate which inhibits the proteolytic 
activity of trypsin; the product was described as moderately heat- 
stable and destroyed by continued boiling. It appears quite pos- 
sible that under the experimental conditions herein employed the 
shorter boiling intervals brought about a partial inhibition of the 
antitrypsin of egg white, while the longer periods of cooking 
effected a complete destruction of this antienzyme. It is likely, 
however, that the reported poor utilization and evident toxicity of 
raw egg white is not due solely to an antitrypsin. The physical 
characteristics of the material per se may be a contributing factor.’ 
It seems significant that the lack of nutritional value of the 
uncooked material may be related to the limited time which it 
remains in the stomach (17-19). This shorter period would tend 
to restrict the action of pepsin; the important réle of this gastric 

7 For an excellent discussion of possible factors involved in the utiliza- 
tion of raw egg white, see reference (3). 
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enzyme in the proteolysis of egg white is indicated by the results 
reported in this communication. In fact, a preliminary treatment 
with pepsin compares favorably with a 30 minute period of cooking 
of the egg white in its ability to augment the action of trypsin 
(compare Table I, 30 minute preliminary heating period, with 
Table II, no preliminary heating period). 

The recent report by Calvery (20) of the extensive action of 
pepsin on crystalline egg albumin is of interest here in view of the 
conclusion by Bateman (3) that of the individual proteins con- 
stituting egg white, the albumin fraction appears to be the indi- 
gestible component. These results differ from those described in 
this communication. However, the substrate utilized by Calvery 
was crystalline egg albumin; the preparation of this material in a 
highly purified state might readily eliminate any enzyme-inhibit- 
ing factor present in the native egg white. Furthermore, in the 
experiments of Calvery 2.5 gm. of enzyme were employed for 1 gm. 
of egg albumin, whereas in the present investigation only 0.2 gm. 
of the proteolytic agent was used for each gm. of substrate. 


SUMMARY 


1. Pepsin produced no significant splitting of raw egg white 
under the experimental conditions employed. The hydrolysis 
effected by trypsin was slight; a preliminary incubation of the raw 
egg white with pepsin greatly facilitated the attack of the material 
by trypsin. 

2. Preliminary periods of heating, up to 30 minutes in length, 
increased the degree of hydrolysis of egg white by trypsin. The 
extent of digestion of egg white by the successive action of pepsin 
and trypsin also varied directly with the length of the preliminary 
heating period to which the substrate was subjected. 

3. These experimental results are interpreted as supporting the 
existence in raw egg white of an antitryptic agent which is slowly 
inactivated by heat. 


BIBLIOGRAPHY 


1. Waterman, H. C., and Johns, C. O., J. Biol. Chem., 46, 9 (1921). 
2. Jones, D. B., and Waterman, H. C., J. Biol. Chem., 52, 357 (1922). 
3. Bateman, W. G., J. Biol. Chem., 26, 263 (1916). 

4. Mendel, L. B., and Lewis, R. C., J. Biol. Chem., 16, 55 (1913-14). 
5, Boas, M. A., Biochem, J., 21, 712 (1927). 
































. Friedberger, E., and Seidenberg, 8., Deutsch. med. Woch., 63, 1507 


. Rose, M. S., and MacLeod, G., J. Biol. Chem., 50, 83 (1922). 
. Parsons, H. T., J. Biol. Chem., 90, 351 (1931). 
. Parsons, H. T., and Kelly, E., J. Biol. Chem., 100, 645 (1933); Am. J. 


. Parsons, H. T., and Lease, J. G., J. Nutrition, 8, 57 (1934). 

. Salmon, W. D., and Goodman, J. G., J. Nutrition, 8, 1 (1934). 

. Sdérensen, S. P. L., Biochem. Z., 7, 45 (1908). 

. Willstatter, R., and Waldschmidt-Leitz, E., Ber. chem. Ges., 54, 2988 


. Richardson, G. M., Proc. Roy. Soc. London, Series B, 116, 121, 142 


. Northrop, J. H., J. Gen. Physiol., 9, 767 (1925-26). 
. Balls, A. K., and Swenson, T. L., J. Biol. Chem., 106, 409 (1934). 
. Beaumont, W., Experiments and observations on the gastric juice and 


. Cannon, W. B., Am. J. Physiol., 12, 387 (1904-05). 
. London, E. S., and Sulima, A. T., Z. physiol. Chem., 46, 209 (1905). 
. Calvery, H. O., J. Biol. Chem., 102, 73 (1933). 





E. W. Cohn and A. White 175 


(1927). 


Physiol., 104, 150 (1933). 


(1921). 


(1934). 


the physiology of digestion, Plattsburgh (1833). 











XUM 


ISOLATION OF MUCOITINSULFURIC ACID FROM CANINE 
GASTRIC JUICE* 


By S. A. KOMAROV 
(From the Department of Physiology, McGill University, Montreal, Canada) 


(Received for publication, January 10, 1935) 


Within the last few years considerable evidence has been accu- 
mulated in this laboratory justifying the assumption that a muco- - 
protein, which has been designated ‘‘dissolved mucin,” is present 
among the organic constituents of pure canine gastric juice (Bab- 
kin, 1929, 1931; Webster, 1930, 1931; Webster and Komarov, 
1932). The “dissolved mucin” was considered as distinct from 
the “‘visible mucus”’ which covers the surface of the gastric mucosa. 
It was demonstrated (Webster and Komarov, 1932) that different 
samples of filtered gastric juice obtained from different animals 
and under various conditions of stimulation yield, on treatment 
with acetone as a basis of procedure, a protein material identical 
in general properties and elementary composition (average per- 
centage figures: C 53.75, H 6.97, N 13.84, S 1.29). Some of the 
sulfur (0.25 per cent) was present in the form of organically com- 
bined sulfates. The substances did not contain any phosphorus, 
did not reduce Fehling’s or Benedict’s solutions, but after boiling 
23 to 3 hours with 2 n H,SO, or n HCl, there was a reduction 
equivalent to 12.7 per cent glucose. All the general protein color 
reactions were positive. © The consistency of the elementary com- 
position of the different preparations was thought to prove that 
this substance is a body sui generis and a product of the normal 
secretory activity of the gastric glands. The low percentage of 
nitrogen, the presence of organically combined sulfates, the ab- 
sence of phosphorus, and the considerable reduction after hydroly- 
sis were considered to be sufficient evidence to classify this sub- 
stance as a mucoprotein. 

* A preliminary communication was read at the meeting of the Royal 
Society of Canada, May 24, 1934. 
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According to the present day theory concerning the structure of 
mucoproteins, these substances should be regarded as complex 
proteins containing as a characteristic prosthetic group a conju- 
gated sulfuric acid of the type of chondroitin- or mucoitinsulfuric 
acid (Levene, 1925). Therefore only isolation of this prosthetic 
group from the products of hydrolysis would be direct and indis- 
putable evidence for classification of the protein in question as a 
mucoprotein. In the present investigation we believe that we 
have secured such evidence with regard to the mucoprotein (“‘dis- 
solved mucin’’) of gastric juice. Three preparations having all the 
properties characteristic of Subgroup A of the mucoitinsulfuric 
acids, according to the classification of Levene, were isolated, two 
of them directly from the products of alkaline hydrolysis of freshly 
secreted and filtered gastric juice and one from the mucoprotein 
described by Webster and Komarov (1932). 


EXPERIMENTAL _ 
Preparation of Mucoitinsulfuric Acid Directly from Gastric Juice 


Gastric juice was obtained by sham feeding from three healthy 
dogs with gastric fistula and esophagotomy. At 9 a.m. the 
stomach was usually empty but nevertheless it was washed out 
twice with warm water. The first 50 or 100 cc. of secretion ob- 
tained after sham feeding were discarded. Only water-clear, 
odorless secretion was used. It was collected every 15 minutes, 
immediately filtered through cotton wool, and placed in the ice 
box until all the daily secretion (about 500 to 800 cc.) had been 
collected. This required from 2 to 3 hours. The collected juice 
was filtered through Whatman filter paper No. 40, immediately 
neutralized with 5 n NaOH, concentrated under reduced pressure 
to one-twentieth of the original volume, and preserved for a few 
days at room temperature under toluene, until sufficient material 
was accumulated. Two samples of such material obtained from 
1.5 and 2.5 liters of gastric juice were treated separately as follows: 
After removal of toluene by distillation the final concentrate was 
hydrolyzed for 3 days at room temperature with NaOH, which 
was added in the proportion of 2 per cent. The product of hy- 
drolysis was then precipitated by 3 volumes of 96 per cent alcohol. 
Next day the precipitate was separated on the centrifuge, and 
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washed twice with 80 per cent alcohol, and twice with acetone. 
Acetone was removed in vacuo and the precipitate was dissolved in 
20 cc. of water; the filtered solution was poured into 200 cc. of 
glacial acetic acid. A characteristic flocculent precipitate, which 
appeared instantaneously, was centrifuged, washed twice with 95 
per cent acetic acid, and then with 96 per cent alcohol until 


practically all the acetic acid was removed. At this stage the ° 


precipitate, on being stirred in alcohol, tends to form a fine stable 
suspension. The addition of a few cc. of concentrated solution 
of NaCl in 80 per cent alcohol caused a good flocculation. The 
precipitate was then washed twice with 80 per cent alcohol con- 
taining traces of NaCl, then again with 96 per cent aclohol, with 
absolute alcohol, and with ether, and finally dried in vacuo. This 
product was not entirely soluble in water. It was extracted twice 
with 20 cc. of water; the combined extracts were concentrated to 
20 cc. and precipitated again with 200 cc. of glacial acetic acid, the 
precipitate being carefully washed with alcoho! and ether. All 
the residues, except the filtrates from glacial acetic acid precipita- 
tion, were combined, neutralized, concentrated, and then hydro- 
lyzed again with 2 per cent NaOH for 2 days, the whole procedure 
being then repeated once more. A further, smaller yield of a 
product apparently identical with the first yield was obtained. 
Both were combined, dried in a vacuum desiccator over sulfuric 
acid in the presence of soda-lime, and then analyzed. From the 
first sample of 1.5 liters of gastric juice, 66.8 mg. of a substance 
(Preparation I), which on analysis was found to be a fairly pure 
sodium salt of mucoitinsulfuric acid, was obtained. This corre- 
sponds to a yield of 4.16 mg. per cent of free acid. From another 
sample of 2.5 liters of gastric juice 65 mg. of a substance (Prepara- 
tion II) containing 5.6.per cent ash were obtained. Apparently 
it was a mixture of mucoitin and mucoitinsulfuric acid. The yield 
of free acid thus was about 2.5 mg. per cent. Difference in the 
yield and in the composition of the two preparations obviously is 
due to the fact that during such a long and complicated procedure 
some uncontrollable slight variations were unavoidable. Varia- 
tions in the room temperature at the stage of alkaline hydrolysis 
and in the amount of NaCl added at the stage when washing with 
alcohol was carried out, should be particularly mentioned in this 


connection, 
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Preparation of Mucoitinsulfuric Acid from Mucoprotein of 
Gastric Juice 


Mucoprotein used in this work was isolated from 15.4 liters of 
gastric juice exactly as in Preparation III, described by Webster 
and Komarov (1932). The substance had the same general 
properties and practically the same elementary composition: C 
52.68, H 7.00, N 14.02, S (as organically combined sulfates) 0.37 
per cent. 9 gm. of this substance, corresponding to 6.8 liters of 
gastric juice, were dissolved in 80 cc. of 2 per cent NaOH and 
treated further in the same way as the concentrates of gastric 
juice described in the previous section. In precipitating the prod- 
uct of alkaline hydrolysis with alcohol it was necessary to add 2 
gm. of sodium chloride in order to cause a good precipitation. The 
final product was converted into a barium salt by dissolving in 20 
cc. of water and adding saturated barium hydroxide solution up 
to the point at which the reaction just began to turn slightly alka- 
line to litmus. After centrifuging, the solution was filtered into 
an equal volume of absolute alcohol. The precipitate was washed 
on the centrifuge with alcohol in increasing concentrations and 
finally with absolute alcohol and anhydrous ether, and then dried 
in a vacuum desiccator over sulfuric acid in the presence of soda- 
lime. The total yield was 365mg. When dry the substance was 
a heavy, snow-white powder. It is described below as Prepara- 
tion ITI. 

Properties of Substances Isolated 


All three preparations showed identical general properties. As 
free acid and sodium salt (Preparations I and II) the substance is 
very easily soluble in distilled water, in aqueous alkalies, and in 
dilute mineral acids, giving slightly opalescent solutions. It is 
soluble in dilute acetic acid, but gives a very characteristic floccu- 
lent precipitate in 80 per cent or stronger acetic acid. It is in- 
soluble in 80 per cent or stronger ethyl alcohol in the presence of 
small amounts of electrolytes; insoluble in acetone and ether. As 
barium salt (Preparation III) the substance is easily soluble in 
water and in weak solutions of hydrochloric acid, giving a per- 
fectly clear solution; insoluble in 50 per cent or stronger ethyl alco- 
hol; insoluble in acetone and ether. As free acid (Preparations I 
and II) or as Ba salt (Preparation III) the substance does not re- 
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duce Fehling’s solution, but shows a strong reduction after pre- 
liminary hydrolysis with dilute mineral acids. With naphtho- 
resorcinol and with a-naphthol it gives positive tests for glucuronic 
acid (Tollens’ and Goldschmiedt’s tests). It does not give any of 
the general protein color reactions (negative biuret, xanthoproteic, 
Millon, Hopkins, lead acetate test for unoxidized sulfur) but gives 
a strongly positive Molisch test. It contains all the sulfur (nearly 
the theoretical amount) in the form of organically combined sul- 
fates. Among the products of alkaline hydrolysis volatile acids 
were found to be present; the amounts, calculated on the assump- 
tion that the volatile acid is acetic acid, are very close to the theo- 
retical. The substance did not contain any phosphorus detectable 
by the procedure of Fiske and Subbarow (1925) after moist diges- 
tion with H,SO, + HNO;. 


Composition of Substances Isolated 


Preparation I—15.4 mg. of substance gave on incineration 3.20 
mg. of ash, which was entirely soluble in water, giving a neutral 
solution. BaCl, caused a characteristic BaSO, precipitate; 
AgNO; in the presence of nitric acid gave only a very slight opal- 
escence. 

5.08 mg. of substance required 0.50 cc. of 0.02 n H,SO, for neu- 
tralization of NH; (Kjeldahl). A duplicate determination gave 
identical results. 

9.072 mg. of substance gave 3.1 mg. of BaSQ, after preliminary 
hydrolysis with n HCl in a sealed tube at 100° for 6 hours. 

0.4064 mg. of substance reduced respectively 1.26, 1.26, and 1.28 
ec. of 0.005 n K;Fe(CN)s after preliminary hydrolysis with n 
HCl in a sealed tube at 100° for 6 hours, the Hagedorn-Jensen 
(1923) method being used. 


Calculated. Ash 20.8, N 2.75, S 4.69; reducing power equivalent to 55.4% 


glucose 
Theory for CosHsO2oN2S.Nay. Ash 27.6, N 2.72, S 6.23 


The composition of this substance evidently corresponds well 
with that of sodium salt of mucoitinsulfuric acid, according to 
Levene’s theory of its structure. 

Preparation II—20.6 mg. of substance gave on incineration 1.15 
mg. of ash. The ash was readily soluble in water, giving a clear 
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neutral solution, which yielded a characteristic BaSO, precipitate 
on addition of BaCl, in the presence of dilute HCl and also a char- 
acteristic AgCl precipitate on addition of AgNO; in the presence 
of dilute HNOs. 

5.328 mg. of substance required 0.61 cc. of 0.02 n H,SO, for 
neutralization of NH; (micro-Kjeldahl). A duplicate determina- 
tion gave identical results. 

0.444 mg. of substance reduced respectively 1.38, 1.38, and 1.40 
cc. of 0.005 n K;Fe(CN), after preliminary hydrolysis with n HCl 
in a sealed tube at 100° for 6 hours. 

7.9 mg. of substance hydrolyzed as in the above analysis gave 
a heavy precipitate with BaCl,; quantitative analysis was lost. 


Calculated. Ash 5.6, N 3.12, reduction equivalent to 56.7 glucose 
ws for ash-free substance. N 3.40, reduction equivalent to 


60.0 glucose 
Theory for CosHysO29N282. N 2.98 
- “ CzsH4sO23Nz. “ 3.59 


Thus this preparation is apparently a mixture of mucoitin and 
mucoitinsulfuric acid. 

Preparation III—52.7 mg. of substance gave on incineration 
17.6 mg. of ash, all of which was insoluble in dilute hydrochloric 
acid. 

20.6 mg. of substance gave on incineration 6.9 mg. of ash, all of 
which was insoluble in dilute hydrochloric acid. Calculated, ash 
33.4, 33.5; S 4.59, 4.61; base 19.65, 19.7 per cent. 

For neutralization of NH; (Kjeldahl) 


4.9 mg. substance required 0.44 cc. 0.02 n H,SO, 


49 “ “cc 0.43 “ec 0.02 “ce “ 
5.675 “ee “ “ 0.49 “ce 0.02 “ce “ce 
5.675 “cc ai “ce 0.49 “e 0.02 “ “c 


Caleulated. N 2.46 


The carbon and hydrogen were determined by semimicrocom- 
bustion, this being kindly undertaken by Mr. 8. C. Overbaugh, of 
the Laboratory of Organic Chemistry, McGill University. The 
filling of the combustion tube was as required for the combustion 
of substances containing N,S, and Cl. Reported, C 30.6, H 4.25, 
ash 33.2 per cent. 

70.0 mg. of substance were dissolved in 25 cc. of water. The 
solution was perfectly clear. 
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10 cc., containing 28.0 mg. of substance, were heated with 2 cc. 
of 5 N HCl in a sealed tube for 10 hours at 100°. In about 1 hour 
the precipitate of BaSO, began to appear. 9.0 mg. of BaSO, were 
recovered without addition of BaCl, to the product of hydrolysis. 
Addition of BaCl, to the filtrate did not cause any precipitation. 
Calculated, S 4.41 (in the form of organically combined sulfates). 

10 ec. of the solution, containing 28.0 mg. of substance, were 
heated for 10 hours at 100° in a sealed tube with 5 cc. of hot satu- 
rated Ba(OH), solution. The contents of the tube were perfectly 
clear. Soon after the commencement of heating a yellow precipi- 
tate appeared. The product of hydrolysis was filtered directly into 
Pregl’s (1930) micro-Kjeldahl apparatus, washed twice with CO,- 
free water, and 12 cc. of 50 per cent H,SO, then added. Distilla- 
tion with steam was carried out for 30 minutes, the distillate being 
passed into an ice-cooled receiver, provided witha guard containing 
soda-lime. 4.25 cc. of 0.02 n NaOH were required to neutralize 
volatile acids. The blank was 1.55 ce. of 0.02 n NaOH. The 
distillate was carefully neutralized with sulfuric acid (slightly acid 
to litmus, but basic to Congo red) and treated with 2 cc. of 0.02 n 
AgSO, until there was no more precipitate; the solution was fil- 
tered when hot and the precipitate was washed three times with 5 
cc. of hot CO.-free water. The total volume of the filtrate was 
about 40 cc. It was again distilled for 30 minutes with 10 cc. of 
50 per cent sulfuric acid (freshly opened bottle of Merck’s reagent). 
2.84 ec. of 0.02 n NaOH were required to neutralize the volatile 
acids to phenolphthalein. The blank was 0.60 cc. of 0.02 n NaOH. 
Calculated, volatile acid (as acetic acid) 9.61 per cent. 

0.98 mg. of substance reduced 2.50 cc. of 0.005 n K;Fe(CN)s 
(Hagedorn-Jensen) after preliminary hydrolysis with N HCl in a 
sealed tube at 100° for 6-hours. A duplicate determination gave 
identical results. Calculated, reducing power equivalent to 48.3 
glucose. 


Found. C 30.6, H 4.25, N 2.46, S 4.60, base 19.7, volatile acids equivalent 


to 9.61 acetic acid 
Theory. C 27.8, H 3.48, N 2.32, 8 5.30, base 22.7, acetic acid 9.91 


Data obtained on analysis of our Preparation III show that this 
substance has a composition very close to that required by the 
theory for barium salt of mucoitinsulfuriec acid, as established by 
Levene. 
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DISCUSSION 


The method used for isolation of mucoitinsulfuric acid from gas- 
tric juice was adopted as a result of another study which was 
carried out on commercial gastric mucin (also with a view to isola- 
tion of mucoitinsulfuric acid), and which will form the subject of a 
special communication. By the use of different methods it was 
possible to obtain from commercial gastric mucin preparations of 
mucoitinsulfuric acid having all the characteristics of that particu- 
lar group of mucoitinsulfuric acids which was classified by Levene 
as Subgroup A. The elementary composition and general proper- 
ties were practically identical, but the yield varied from 4.2 to 
26.0 per cent, depending on the method used. Since the source 
of commercial gastric mucin as certified by the manufacturers was 
hog gastric mucosa and the gastric mucin as manufactured is only 
a by-product in the preparation of commercial pepsin, it was 
thought that possibly the dissolved mucin of gastric juice is also a 
derivative of this group of mucoitinsulfurie acids. The distine- 
tive peculiarity of this group of conjugated sulfuric acids, as em- 
phasized by Levene, lies in the solubilities of free acids and their 
salts. As free acids and as barium salts they are very soluble in 
water and are precipitated from aqueous solutions only by a large 
excess of glacial acetic acid, and when thus precipitated the sub- 
stances come down in the form of very light floccules, in contra- 
distinction to the substances of the second subgroup. These, 
under the same conditions, form a heavy gelatinous mass, and 
only a slight excess of acetic acid is required to produce such a 
precipitation. Another important distinction of the substances 
belonging to the second subgroup is that their barium salts are 
practically insoluble in water. The method outlined in the ex- 
perimental part of this study is based entirely on these character- 
istic features. 

Our preparations obtained from gastric juice have identical 
general properties. Unfortunately only one of the preparations 
was obtained in sufficient quantity for a more complete analysis. 
However, quantitative estimation of nitrogen and of reducing 
power after preliminary hydrolysis could be carried out in all 
cases. These data, when supplemented by a negative biuret test 
and a negative test for phosphorus as well as by a positive naph- 
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thoresorcinol test and a positive test for organically combined sul- 
fates, are entirely sufficient for identification. We wish to em- 
phasize here the importance of quantitative determination of 
reducing power after preliminary hydrolysis for identification of 
mucoitinsulfuric acid. In our experience seven different prepara- 
tions of mucoitinsulfurie acid, identification of which was sup- 
ported by a complete elementary analysis, had reducing power 
equivalent on the average to 60.0 per cent glucose content, with 
observed variations of from 58.0 to 61.6 per cent; hydrolysis was 
carried out in sealed tubes with n HCl at 100° for 6 hours, and 


TaBLeE I 
Analytical Data for Preparations of Mucoitinsulfuric Acid from Gastric 
Juice 

Nitrogen and sulfur are expressed in per cent; reducing power in per 
cent of glucose content; yield in mg. per cent of gastric juice used for 
isolation. Preparations I, II, and III were analyzed as Na salt, free acid, 
and Ba salt respectively. All the values have been calculated for the 
free acid. 








Preparation No.............. I II Ill Theory 

| ENE eres Cee er 2.95 3.40 3.06 2.98 

_ SS See ee ene 5.04 5.73 6.81 
5.40 

Reducing power.....,. 59.4 60.0 60.0 

p Nae Re ene 4.1 2.5 4.32 

















determination of sugar by the method of Hagedorn-Jensen, pre- 
liminary precipitation with zine sulfate being omitted. 

In spite of the fact that our preparations were analyzed as 
different compounds of- mucoitinsulfuric acid—sodium salts as 
free acid and as barium salt—the results of the analysis show that 
in all these cases we are dealing with the same substance. Table 
I represents analytical data calculated for free mucoitinsulfuric 
acid. The figures for nitrogen, sulfur, and reducing power are 
identical or within the limits of experimental error. 

The striking feature of the more completely studied Preparation 
III, isolated from the mucoprotein of gastric juice, is its surpris- 
ingly high degree of purity, which approximates to the best known 
preparations of chondroitinsulfuric acid. Sulfur was determined 
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three times; twice in the ash and once after hydrolysis in a sealed 
tube with n HCl. The first two determinations gave identical 
results: S 4.60 per cent; the third gave 8 4.41 per cent. Volatile 
acids after hydrolysis with Ba(OH), also gave almost the theoreti- 
cal value for acetic acid. Unfortunately the nature of the amino 
sugar could not be exactly determined, owing to the lack of ma- 
terial. However, a few mg. of crystalline material were isolated 
as hydrochloride from the products of acid hydrolysis in the sam- 
ples used for the determination of organically combined sulfates. 
This substance reduced Fehling’s solution, did not melt at 200°, 
and turned black at 220°, but it was contaminated with some in- 
organic material. These data might be considered as suggestive 
that the sugar is probably chitosamine. Another consideration 
in favor of such a conclusion is that so far chondrosamine has been 
isolated only from chondromucoids, which occur in the connective 
tissue of various organs (aorta, tendons, cartilage, sclera) and 
have never been found in animai fluids, mucous membranes, and 
their secretions or in any other tissues, except connective tissue 
(Levene, 1925). Therefore we believe that the substance de- 
scribed in this communication must be termed mucoitinsulfuric 
acid in accordance with the classification of Levene, although the 
direct proof—identification of amino sugar—is at present not 
available. The importance of identification of amino sugar in 
this preparation cannot be overestimated. Its indisputable 
identification as chitosamine would considerably substantiate 
Levene’s theory of the structure of mucoitinsulfuric acid and of 
mucoproteins in general. However, even as the question now 
stands, our data cannot be reconciled with Schmiedeberg’s (1920) 
view that only chondromucoids contain a carbohydrate complex 
of the structure of a sulfuric ester of a complex carbohydrate, and 
that true mucins do not contain sulfuric acid in their carbohydrate 
compounds. On the other hand, our data are entirely concordant 
with the postulates of Levene’s theory. 

However important the exact nature of the substance described 
in this paper may be in relation to the theory of mucoproteins, for 
the main purpose of this investigation it is immaterial, since in any 
case—whether it is chondroitinsulfuric acid or mucoitinsulfuric 
acid—the protein containing this carbohydrate complex in a 
quantity allowing of its isolation in an analytically pure state in 
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the proportion of 4 per cent of the original material must unques- 
tionably be regarded as a mucoprotein. In this connection it is 
very interesting to compare the yield of the substance, when iso- 
lated directly from the gastric juice and from the mucoprotein 
obtained from the juice. The yield in the latter case was 4.32 mg. 
per cent, as compared with 4.1 mg. and 2.5 mg. per cent obtained 
directly from the gastric juice. This indicates clearly that mucoi- 
tinsulfurie acid is present in the gastric juice only as an integral 
part of mucoprotein—in the form of “dissolved mucin”—and not 
as free mucoitinsulfuric acid which might be liberated from the 
surface mucus as the result of peptic digestion. Peptic digestion 
of the surface mucus, however, is very improbable for the reason 
that the gastric juice used in the investigation was filtered within 
15 to 30 minutes after being secreted. 


SUMMARY 


1. Two preparations, identified as sodium salt of mucoitinsul- 
furic acid and free mucoitinsulfurie acid respectively, were iso- 
lated from the products of alkaline hydrolysis of two samples of 
freshly collected and immediately filtered canine gastric juice. 

2. Barium salt of mucoitinsulfuric acid was isolated from the 
mucoprotein, “dissolved mucin,” of gastric juice. 


The writer wishes to express his thanks to Dr. B. P. Babkin who 
directed this work. 
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Of all the available endocrine products, none presents such 
difficulty and expense in its preparation as the adrenal cortical 
hormone. The availability of a relatively simple method for the 
preparation of this hormone would make possible its therapeutic 
application in adequate dosage and permit its use in the elucidation 
of the many biological problems in which the adrenals are involved. 
In the present paper we shall describe a simple method for obtain- 
ing the hormone in a form suitable for oral administration, which, 
when administered in relatively small amounts, serves as a com- 
plete replacement therapy in bilaterally adrenalectomized animals 
(rats and dogs). 

In seeking a method for concentrating the hormone, we at- 
tempted to adsorb the hormone selectively on various agents, 
utilizing the methods which have been so fruitful in the purification 
of the enzymes and vitamins. It was soon found that a number 
of agents—charcoal, fullers’ earth, metallic oxides, and permutit— 
readily adsorbed the hormone. This adsorption is particularly 
complete in the case of activated charcoal, when the hormone is 
present in neutral aqueous solution. The liberation of the hor- 
mone from this combination in the gastrointestinal tract permits 


* Aided by grants from the National Research Council and the Ella 
Sachs Plotz Foundation, for which we wish to express our appreciation. 

+ Supported by grants from Mr. Stephen C. Clark and the Hartley Cor- 
poration, for which we are greatly indebted. 
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its absorption and utilization by the body. Animal experiments 
demonstrated many advantages of this oral method of therapy 
over the parenteral administration which heretofore has been the 
method of choice. 

Source of Glandular Materials—In a previous paper (4) we 
described the preparation of an extract suitable for parenteral 
injection. Except for the use of pig glands (instead of beef glands) 
and a slightly modified mode of extraction with acetone (to be 
described subsequently) our original method has proved entirely 
satisfactory and superior to those described by previous workers.’ 
The comparison of the yield of hormone from glands derived from 
various commercially available animal species (sheep, cattle, pig, 
and calf) led us to adopt pig glands as most suitable. Although 
much smaller than beef glands, which have been most widely used 
in the past, the yield of hormone per unit weight of pig glands is 
greater than that from cattle. This may in part be due to the 
relatively smaller size of the medulla compared to the whole 
gland in the pig as compared to that in cattle. Glands derived 
from sheep or calves are also probably rich in the hormone, but 
the difficulty of properly collecting and preserving them renders 
their use unsatisfactory. 

As previously shown (4), preservation of the glands by freezing is 
necessary for preventing destruction of the hormone and the 
formation of lipoidal and other autolytic products which contami- 
nate the final extract. We have repeatedly confirmed this on 
glands obtained under various conditions. To illustrate the course 
of this destruction various portions of a batch of glands obtained 
from one source were extracted and assayed. One portion of the 
glands was removed from the carcasses of freshly slaughtered ani- 
mals and dropped into liquid air. These glands were immediately 
extracted with acetone as previously described (4). The extract 
thus obtained was found to contain 500 rat units (as defined in 
previous papers (4, 5)) per kilo of the original whole glands. A 
second portion of the glands was frozen with dry ice at the abattoir 
and packed in this dry ice for 2 days before extraction. The 
extract obtained from these glands contained 100 rat units per kilo 


1The adsorption method described in the present paper permits the 
recovery of any hormone lost in applying the procedures pay de- 
scribed (4) for preparing the extracts. 
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of whole glands. A third portion of the glands was placed in the 
refrigerator of the abattoir and sent frozen to the laboratory on the 
following day. The extract prepared from these glands contained 
only 10 rat units per kilo of glandular material. A fourth portion 
of the glands was sent unfrozen to the laboratory. The extract 
prepared from this material was found to contain only a trace of 
activity. 

The deleterious effects of poor preservation of adrenal glands on 
the hormone yield, which have been verified by us many times, are 
obvious from the experiment described above. For practical pur- 
poses the first method indicated above for obtaining glands is im- 
practical where large quantities of glands are utilized, and hence 
we have in general adopted the second method cited. The glands 
are removed at the abattoir, well defatted, and instantly frozen 
by the so called ‘“‘monel-metal quick freeze” process. The glands 
are then packed in dry ice (carbon dioxide snow) and shipped to 
the laboratory where they arrive 2 days later. This method of 
procuring the glands proved much more satisfactory than obtain- 
ing them locally where the quick freezing process was not available. 

Where only a small amount of glandular material is available, 
it is advisable to transfer the glands directly from the animal body 
into acetone and immediately macerate them. By this method we 
have been able to demonstrate the presence of the hormone in the 
interrenal body of fishes (6). In the case of rat glands removed at 
operation and extracted in this way about 2000 rat units of hor- 
mone per kilo of glands were obtained. The mode of collection of 
the glands is of fundamental importance in determining the ulti- 
mate potency of the hormone. The presence of a large lipoidal 
precipitate in the last stage of the process for preparing extracts 
(4) indicates poor preservation of the glands. This lipid also 
adsorbs appreciable amounts of the hormone which can, however, 
be recovered by alternately dissolving the lipid in 0.1 n alkali and 
precipitating it by the addition of concentrated hydrochloric acid. 
The hormone remains in the aqueous solution. 

Extraction of Glands—The adrenal cortical hormone, although 
not soluble in solvents such as benzene or ether when purified, is 
firmly attached to the lipids of the adrenal cells and is removed only 
when these lipids are simultaneously removed. Thus attempts to 
extract the hormone from the glands by the use of dilute acid 
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or alkali have been unsuccessful in our experience. Dehydrating 
the fresh, ground glands in vacuo at 37° destroys the cellular struc- 
ture and permits extraction of the hormone by water. Unfortu- 
nately, this method of extraction was not practical due to the tech- 
nical difficulties of further purifying the aqueous extract thus 
obtained.? It is, therefore, necessary to use a lipid solvent (ace- 
tone, alcohol, or ether) which extracts the adrenal lipids and inci- 
dentally the cortical hormone. We have found (4) acetone to be by 
far the most practical solvent, for it not only extracts the hormone 
efficiently but removes less extraneous matter, and hence leads to 
the easier production of a relatively pure product. 

On receipt of the frozen glands they are finely ground into 2.5 
to 3 times their volume of technical acetone. The glandular mate- 
rial is then thoroughly macerated and shaken at intervals for at 
least several hours. This operation is carried out at room tem- 
perature for the acetone apparently inhibits the enzymic activity 
which, as we have seen, acts so deleteriously in the intact un- 
frozen glands. 

The supernatant solvent is now poured off from the glandular 
material. This glandular residue is refluxed three times with ap- 
proximately one-third of the acetone which was poured off, the 
mixture being pressed after each refluxing. In this way one carries 
out the three refluxings with the 2.5 to 3 volumes of acetone origi- 
nally used and avoids the use of the excessive volume of solvent 
which we previously suggested (4). 

By the method described above about 95 per cent of the hormone 
present in the glands is extracted. A fourth and fifth reextraction 
and refluxing gives only small amounts of the hormone. Since our 
most purified preparations of the hormone are soluble in acetone, 
it would be improbable that this solvent would fail, in subsequent 
extractions, to dissolve the hormone. Moreover, attempts to 
extract any residual hormone with ethyl alcohol, ether, ethylene 
dichloride, acid, and alkali all failed to yield any appreciable 
amounts of the hormone. 

Preparation of Charcoal-Hormone Combination—Since the adre- 
nal cortical hormone is not completely adsorbed from aqueous 

2 We are indebted to Dr. Fitzgerald Dunning and Dr. Wilton C. Harden 


of Hynson, Westcott and Dunning for kindly dehydrating the glands and 
making the aqueous extracts. 














Grollman, Firor, and Grollman 193 


acetone solution by charcoal, the acetone must be removed before 
proceeding to adsorb the hormone on charcoal. After being chilled 
in the ice chest, the acetone extract, obtained as described in the 
preceding section, is filtered to free it from the separated lipids. 
The clear filtrate is distilled in vacuo at 35-40° until all the acetone 
isremoved. The completeness of this removal may be determined 
from the specific gravity of the residual aqueous fluid, which should 
be over 0.99 at room temperature. After being chilled in the ice 
chest again, the solution is again filtered to remove the separated 
lipids.* The filtrate is carefully neutralized with an aqueous solu- 
tion of NaOH until neutral to litmus paper (pH 7.0) and shaken at 
intervals with activated charcoal (norit, or decolorizing carbon). 
1 gm. of charcoal is used for every 200 gm. of glandular material 
originally extracted. After some hours (6 or more, depending on 
the efficiency of the shaking) the carbon is collected on a Buchner 
funnel. The filtrate contains only a trace of hormone, but this 
can be recovered by treatment again with charcoal. 

The charcoal-hormone combination thus prepared proved satis- 
factory when used on rodents, but proved irritant to the stomach 
when tested on adrenalectomized dogs. Although protecting 
against the development of symptoms of adrenal insufficiency, the 
presence of epinephrine and possibly other impurities adsorbed on 
the charcoal ultimately caused retching and vomiting, which pre- 
vented its further administration. To remove these impurities 
the charcoal-hormone combination is suspended in about 3 times 
its volume of 10 per cent hydrochloric acid (1 part of 33 per cent 
HCl to 10 parts of water). After thorough agitation, the suspen- 
sion is filtered on a Buchner funnel. The charcoal is then sus 
pended in about 3 times its volume of 0.1 N sodium hydroxide 
solution, agitated, and again filtered. It is then again washed 


3 The adrenal cortical hormone attaches itself readily to lipids and is 
carried down to some extent whenever lipids are precipitated. The small 
amount of hormone thus precipitated may be recovered by dissolving the 
lipid in alcohol or acetone, diluting with water to precipitate the lipid, dis- 
tilling off the alcohol or acetone, and adsorbing the hormone on charcoal 
as described in the text. For experiments on rodents we have found it 
preferable to dissolve the lipid in ether, evaporate to dryness, extract with 
ethyl alcohol, pour the alcoholic solution over the food, and dry until the 
alcohol has evaporated. Food thus prepared will maintain normal growth 
in adrenalectomized rats. 
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with 3 volumes of 2 per cent hydrochloric acid and finally washed 
with a little distilled water and filtered. It is now ready for use. 
The charcoal-hormone combination may also be effectively freed 
of adsorbed impurities by washing on the Buchner funnel with 
dilute ammonia, water, and ethyl alcohol, respectively. These 
reagents elute an inappreciable amount of the hormone. 

The amounts of acid and alkali used for washing the charcoal are 
relatively small, and hence do not remove an appreciable quantity 
of the hormone. The trace removed can be reclaimed by neutral- 
izing the washings and readsorbing on a little charcoal. The 
charcoal-hormone compound, when administered therapeutically, 
comes into contact with many times its own volume of gastro- 
intestinal juices which succeed in eluting the hormone from its 
adsorbant. Since the charcoal remains in contact with the alkali 
for only a few minutes during the washing, no appreciable amount 
of the hormone is destroyed by this procedure. 

For administration to rodents, dogs, or other experimental ani- 
mals, the desired amount of charcoal is thoroughly admixed with 
the food. For clinical application it may be compressed into 
tablets coated with sugar or other protective covering to avoid 
access of air and possible oxidation of the hormone. 

Biological Tests—The therapeutic efficacy of the adrenal cortical 
hormone, when adsorbed on charcoal, was demonstrated by feeding 
it to adrenalectomized rats and dogs. Rats, adrenalectomized 
under phanodorn anesthesia‘ as previously described (2), were 
allowed access to their regular diet (a powder containing corn- 
meal, whole milk powder, alfalfa meal, casein, sodium chloride, and 
calcium carbonate) into which was thoroughly incorporated 0.1 
gm. of the charcoal-hormone combination per rat per day. The 
control animals were maintained under similar conditions but fed 
on a mixture containing charcoal on which no hormone had been 
adsorbed. These control animals died from adrenal insufficiency 
within a week following operation. The treated animals grew 


4 We wish to thank the Winthrop Chemical Company, Inc., the Abbott 
Laboratories, and Eli Lilly and Company for generous supplies of phano- 
dorn, nembutal, and amytal, respectively, the anesthetics used in this 
study. We are indebted to Merck and Company, Inc., for supplying us 
with a generous amount of the charcoal-hormone preparation made accord- 
ing to our directions. 
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normally and survived as long as an adequate amount of the 
hormone was added to their food. When the charcoal-hormone 
combination was omitted from the food, the animals followed the 
usual course of adrenal insufficiency and died (2). Ten different 
batches of the charcoal-hormone combination have been assayed 
on groups of six rats each with identical results. A typical assay 
is reproduced in Table I. 


TaBLeE I 
Typical Assay Results on Group of Twelve Rats Adrenalectomized at 
Age of 30 Days 

To Rats 1 to 6 was administered a total daily dose of 0.6 gm. (dry weight) 
of the charcoal-hormone combination corresponding to 120 gm. of whole 
pig adrenal glands. The treatment was discontinued on the 7th day after 
operation. Rats 7 to 12 served as untreated controls. 

The values listed are body weights measured in gm. 











Rat Days after adrenalectomy 

- sisisi«eisi*sirci@tisinxainia 
Treated 1 | 34 | 38 | 41 | 43 | 45 | 46 | 49 | 52 | 53 | 54 | 54 | D* 

2 | 36 | 37 | 40 | 45 | 48 | 50 | 53 | 55 | 55 | 54) D 

3 | 36 | 39 | 43 | 46 | 48 | 50 | 52 | 54 | 53 D 

4 | 34 36 | 37 | 40 | 43 | 46 | 48 | 51 | 52 | 50 | 50/| D 

5 | 40 | 39 | 44 47 | 49 | 54 | 55 | 57 | 58 | 56 | D 

6 | 38 | 40 | 41 | 44 | 47 | 50 | 52 | 56 | 58 | 57 | 57 | D 
Controls 7 | 38 | 37 | 39 | 39 | 38} D 

8 | 36 | 33 | 32) D 

9 | 37 | 38 | 39 | 38 | 38 | 39 

10 | 36 | 34/| 31); D 

11 | 43 | 42 | 42 | 41 | 42 | 41/D 

12 | 35 | 35 | 36 | 37 | 37 | D 












































* D indicates death of atiimal. 


In order to demonstrate the adequacy of treatment over long 
periods of time by the hormone adsorbed on charcoal, a group of 
four adrenalectomized rats was given 0.4 gm. of the charcoal- 
hormone combination, daily, mixed with the food. These animals 
grew normally to their adult size and manifested, as far as could 
be observed, all the signs of perfect health. In Fig. 1 are repro- 
duced the growth curves of these rats treated for 60 days following 
adrenalectomy. Under adequate treatment the rats never devel- 
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oped any failure to respond to the hormone, such as has been 
claimed to occur, and which has been attributed to the develop- 
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Fig. 1, The growth curves of four rats, adrenalectomized at 30 days of 
age under phanodorn anesthesia. The four animals received daily 0.4 gm. 
of the charcoal-hormone combination (equivalent to 80 gm. of whole pig 
adrenal glands) which was mixed with the ration described in the text. 
Lettuce was added twice weekly. At the age of 90 days, when the animals 
had reached adult size, treatment was ceased and the animals gradually 
developed the symptoms of adrenal insufficiency and died within the course 
of the 3 weeks following cessation of treatment. At autopsy no regenerated 
adrenal cortical tissue or accessory glands were demonstrable. The lungs 
were normal and there were no evidences of any disease other than the 
typical findings of adrenal insufficiency. 
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ment of an antihormone (1). In our own experience, the apparent 
development of a failure to respond to the hormone is due to treat- 
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ment with an inadequate dose of the hormone. This results in a 
chronic insufficiency, the nature of which shall be described 
elsewhere. 

The potency of the charcoal-hormone combination was also 
tested on adrenalectomized dogs. In these experiments the fol- 
lowing technique was employed. Normal mongrel adults were 
doubly adrenalectomized under spinal anesthesia, as previously 
described (2). They were given an amount of the charcoal- 
hormone combination three times daily for varying periods (as 
indicated in the fourth column of Table II) which sufficed to main- 


TaBie II 
Effect of Oral Administration of Charcoal-Hormone Combination on Survival 
of Adrenalectomized Dogs 
Each gm. of the charcoai preparation corresponded to 200 gm. of whole 
pig adrenal glands. 








daily deve 
my ¢ Period of 
Dog No. | Sex | operative | ofcharemnl- | wentment | Tostoperative 
combination operation 
administered 
kg. gm. days days 
1 rot 7.05 2.5 10 15 
roi 8.00 3.0 8 10 (Killed) 
3 g 11.75 2.0 28 28 (Accidentally 
killed) 
4 fot 8.1 3.0 30 44 
5 rot 12.45 3.0 30 36 




















tain them in normal health. The charcoal-hormone combination 
was mixed with a bolus of food and fed in three equally divided 
doses three times daily. At no time were any injections of extract, 
saline, or other adjuvant medication utilized. At the end of the 
period of treatment the animals had maintained or gained over 
their preoperative weights and appeared active and normal in 
every respect except Dog 2. Dog 2 was killed on the 10th day 
following operation because of the development of a trophic sore 
resulting from a paralysis following spinal anesthesia. Dog 3 was 
accidently killed on the 28th day following adrenalectomy. After 
the cessation of the treatment the other animals developed the 
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usual signs of insufficiency and died on the dates indicated in the 
last column of Table II. Careful microscopic examination of the 
tissues at the adrenal sites revealed no remnants of adrenal tissue. 

In Table III are reproduced the survival periods of thirty dogs © 
adrenalectomized under the identical conditions and by the 
same operator as the dogs of Table II and given no postoperative 
treatment. These operations were carried out during the same 6 
month period during which the animals of Table I were adrenalec- 
tomized, and should serve as adequate controls for the experiments 
of Table I. Comparison of the results of Tables II and III demon- 
strates the ability of the charcoal-hormone combination to main- 
tain life in adrenalectomized dogs. 

No attempt has been made to determine the degree of insuffi- 
ciency from which dogs may be revived by oral treatment with the 


TaB.e III 


Survival Period of Control Dogs after Bilateral Adrenalectomy under 
Spinal Anesthesia 








Days following operation...................+++. 1 2 3 4 5 6 7 8 
No. of animals dying on day indi- 
SE Tia ah ee Cos eed een awk Ger tied 41/6;5;};4/;3;5;];2)]1 





charcoal-hormone combination, for the nausea and vomiting make 
oral therapy impossible in severe adrenal insufficiency. However, 
in several cases in which inadequate doses of hormone had resulted 
in the early symptoms of insufficiency (weakness, loss of weight, 
drop in body temperature, and refusal to eat) the introduction 
into the stomach of a suspension of the charcoal-hormone combina- 
tion in water resulted in the disappearance of these symptoms and 
recovery of the dog. Oral therapy by the charcoal-hormone com- 
bination would thus appear to be satisfactory except when the 
vomiting of adrenal insufficiency makes it impossible for the animal 
to retain the charcoal. 


DISCUSSION 


In a previous study of the efficacy of oral as compared to paren- 
teral administration of the cortical hormone (5) it was found that 
when extract was administered in a single daily dose about 5 times 
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as much hormone was necessary for oral as for parenteral therapy. 
We were astonished to find, therefore, in the case of rats, that 
approximately the same equivalent of adrenal glands adminis- 
tered in the form of the charcoal combination as was required for 
intraperitoneal injection sufficed to keep these animals in perfect 
health. 

This discrepancy in the different dosages required when the 
hormone is administered orally in the form of extract and in the 
form of the charcoal-hormone combination is explained as follows: 
When the cortical extract is administered intraperitoneally in a 
single daily dose, part of it is probably immediately destroyed in 
the body or excreted in the urine (3). The same amount of hor- 
mone given in divided doses leads to much more efficient utilization 
by the body. Hence, a smaller amount of hormone is necessary to 
keep adrenalectomized animals alive when administered in divided 
doses than in a single dose. In the treatment of rats with the char- 
coal-hormone combination, as described above, the hormone was 
being administered almost continuously in infinitely small doses, 
and any destruction by the gastrointestinal tract was compensated 
for by the more efficient mode of utilization. In the case of dogs, 
their habits of periodic feeding render the utilization of the hor- 
mone less efficient than in the case of the rat. 

The charcoal-hormone combination is by far the simplest prepa- 
ration of the adrenal cortical hormone hitherto described capable 
of maintaining life in adrenalectomized animals. The advan- 
tages of oral therapy are manifold. The presence of impurities in 
extracts renders their parenteral administration dangerous. For 
experimental studies, these impurities often lead to results which 
are attributed to the hormone (7). 

The charcoal-hormone ‘preparation may also be used for pre- 
paring extracts suitable for parenteral administration. Elution 
of the hormone by aqueous pyridine, phenol, etc., serves as a more 
efficient method for preparing extracts than has been heretofore 
available. 

Clinically the oral mode of therapy as advocated in this paper 
should offer many obvious advantages and replace the use of 
extracts except in severe crises. Doses as small as 0.2 gm. of the 
charcoal-hormone combination conveniently administered in pill 
or tablet form would correspond to 40 gm. of the whole gland. 
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The frequent administration of small doses orally should give more 
effective results than the necessarily infrequent injections pre- 
viously employed. 

The idea of administering a hormone in the form of an adsorp- 
tion compound, as advocated in the present paper, is generally 
applicable in all cases where the free hormone is effective orally 
and is eluted from its adsorption compound by the gastrointestinal 
juices. An analogous method for eliciting the estrogenic 
effect of urine has been found successful and will be described 
elsewhere. 


SUMMARY 


A simple method is described for adsorbing the adrenal cortical 
hormone on charcoal. The product thus obtained has been used 
successfully for maintaining life in adrenalectomized animals. 
The many advantages of this form of oral therapy over the paren- 
teral administration of extracts are indicated. 
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A NOTE ON THE PREPARATION OF STARCH SUBSTRATES 
FOR AMYLASE DETERMINATIONS 


By WILLIAM R. THOMPSON 
(From the Department of Pathology, Yale University, New Haven) 


(Received for publication, January 25, 1935) 


In a recent communication (1) a sensitive precision method of 
estimation of amylolytic activity applicable to human serum has 
been reported. In order to avoid delay in preliminary preparation 
of the starch substrate, particularly where a series of observations 
in close succession is to be made, a modification was developed 
which consisted essentially of storage at 25° (after autoclaving as 
usual) of the solution of 3 gm. of soluble starch in 15 ml. of m 
sodium acetate and 45 ml. of water in the muslin-capped flask 
regularly used, followed by heating just to the boiling point before 
proceeding with the preparation as usual. Evaporation up to this 
point is unimportant quantitatively, as dilution to a final volume 
of 100 ml. follows (with certain other inclusions as described pre- 
viously (1)). It is by no means obvious, however, that an equiva- 
lent substrate is obtained in this way; which is definitely not the 
case if instead the solution were stored in a refrigerator at 0—5°. 

In the previous work (1) it was found convenient to take 1/w 
as the index of activity of digestion mixtures, where w is the time 
(in hours since mixing) such that a 7.5 per cent change in viscosity 
has occurred in the last three-fourths of this time. Relative values 
of w with similar mixtures, with the same enzyme solution (pan- 
creatin), were obtained by division of w found for a given mixture 
by the corresponding value for a mixture with regularly prepared 
substrate. Thus preparations from starch solutions stored 2 days 
at 25° were compared with the standard preparation, two in each 
of two experiments, giving respective values of relative w, 1.002, 
1.032, 0.963, and 1.008 (mean = 1.001, and average deviation = 
0.019, approximately). Similarly, with storage for 5 to 6 days, 
the mean of four such evaluations was 1.010 with a.d. = 0.030. 
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In contrast with this, two preparations with starch solution stored 
2 days in a refrigerator (0—5°) gave relative w values of 0.888 and 
0.873, respectively. 

In conjunction ‘with a simple method of estimating w, which has 
been described (1) (a modified pantograph being used), there is 
automatically indicated a quantity, y, defined as the relative 
viscosity of the mixture as estimated from the digestion curve at 
the time, w/4. In the first experiments described above the mean 
and a.d. of y; for the standard preparation were 2.499 and 0.009, 
while for 2 days storage at 25°, 7, = 2.548 with a.d. = 0.009, and 
for 5 to 6 days storage, 9, = 2.542 with a.d. = 0.021. In contrast 
again the preparations after 2 days storage in the refrigerator 
gave 9, = 2.646 and 2.712, respectively. All digestions were fol- 
lowed in triplicate. 

It appears, accordingly, that storage, for 5 days or less at 25°, 
of the preparation after autoclaving, followed by heating just to 
the boiling point before continuing as in the standard technique, 
is an admissible substitute. However, the proper value of 
should be used if correction for viscosity elevation is required, as 
described (1) for the case where human serum! is used in the diges- 
tion mixture. 
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1A unit of pancreatic amylase concentration based on a reproducible 
standard has been described (2) previously, against which the present sys- 
tem is standardized. It is worthy of note that this seems to be very 
nearly 10 times that used by Elman and his coworkers (3). Thirty-six 
combined normal values given by them for human serum (3) have a mean 
of 5.43 and relative standard deviation of 13.4 per cent, in comparison with 
which our first nine observations (1) gave a mean of 0.534 with relative 
standard deviation of 14.4 per cent. 
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(From the Food Research Division and Fertilizer Investigations, Bureau 
of Chemistry and Soils, United States Department of Agriculture, 
Washington) 
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One of our former papers (1) reported that isoquercitrin, a yellow 
flavonol glucoside, was obtained from brown-husked maize, one of a 
series of color types whose heritable behavior has been determined 
by Emerson at Cornell University. It was pointed out that the 
flavonol and anthocyanin groups of plant pigments are involved 
in the genetic relations of the six main color types and that in all 
probability the pigment of the purple-husked type would prove to 
be a cyanidin monoglucoside or the corresponding anthocyanin of 
isoquercitrin. 

In obtaining chrysanthemin chloride from purple-husked maize, 
the isolation and identification of which is reported in this paper, 
we have substantiated a prediction with regard to the identity of 
this coloring matter and in addition we have brought up again the 
question of the origin of anthocyanins in plants. According to 
the researches of Everest (2) and of Willstitter and Mallison (3), 
the anthocyanidins are reduction products of flavonols. Thus, 
from the three more widely occurring flavonols, kempferol, 
CisHwO¢, quercetin, C;sHiO7, and myricetin, C:sHiOs, we would 
expect to obtain the corresponding anthocyanidins, pelargonidin, 
CysHwOs, cyanidin, CysHiO¢, and delphinidin, CjsHO7. Jn vitro, 
cyanidin has been obtained from quercetin by reduction (3), but 
there is as yet no conclusive evidence showing whether the antho- 
cyanins (anthocyanidin glucosides) are derived in the plant directly 
from preexisting homologous flavonol glucosides or independ- 
ently (4, 5). 


* Contribution No. 246 from the Food Research Division, 
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In a number of cases coexisting flavone and corresponding antho- 
cyanin pigments have been isolated and identified. Everest (2) 
has shown the coexistence in purple-black pansies of the closely 
related pair myricetin and delphinidin. From the red rose (6, 7) 
and the wallflower (8, 9), quercetin and cyanidin have been 
obtained. The Jast two pigments have also been isolated from 
Jonathan apples by the senior author." 

Although the cases cited support the theory that anthocyanins 
are formed in vivo from corresponding flavonol glucosides by reduc- 
tion, other instances yield contradictory evidence. Thus, the 
flavonol, kempferol, and the anthocyanidin, delphinidin, instead 
of the expected pelargonidin have been isolated from Delphinium 
consolida (10, 11). Another instance is the snapdragon, Antir- 
rhinum majus, from the flowers of which luteolin and apigenin (12) 
and the unrelated cyanidin glucoside, antirrhinin (9), have been 
isolated. This is the only case excepting maize in which the pig- 
ments occurring in plant material of known genetic constitution 
have been investigated chemically. 

Summarizing the available evidence for and against the reduc- 
tion theory, we find five instances in which flavonols and their 
corresponding reduction products or anthocyanidins have been 
found in the same plant and two instances in which unrelated 
anthocyanidins have been identified along with the flavones (here 
used in the restricted sense to indicate lack of hydroxy] in position 
(3)) or flavonols. One of the latter cases, namely that of Delphin- 
ium consolida, has been discussed in a previous paper (1) and this 
discussion indicates the complexity to be expected and the pos- 
sibility that more than one flavonol may be involved. 

In some cases where a flavonol is reduced to its corresponding 
anthocyanidin it is not improbable that all or most of the preexist- 
ing flavonol is so converted, leaving behind any other flavones 
that happen to be present, such as luteolin and apigenin, which in 
most instances are converted to anthocyanidins less readily owing 
to the lack of hydroxyl in position (3). At any rate, we cannot 
assume that because a certain flavonol is not found coexisting with 
its homologous anthocyanidin, the latter was formed independently 
rather than by way of the flavonol. As mentioned, the particular 


1 Unpublished, 
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flavonol in question may have been fully converted into antho- 
cyanidin or else it may have escaped attempts at isolation, espe- 
cially if other flavones or flavonols were present to increase the 
difficulty of separation. 

The results obtained from a study of the pigments in the brown 
and purple types of maize favor the possibility of an interrelation- 
ship of the flavonols and anthocyanidins which is based on the 
formation of one from the other by reduction of their correspond- 
ing glucosides. Heretofore only the free flavonols have been 
studied in this connection, whereas in the case of maize there is 
agreement not only between the flavonol and anthocyanidin, 
which are aglycones, or non-sugar portions of the molecule, but 
also agreement as to the sugar residue involved and its probable 
point of attachment. Both compounds are similarly constituted 
in that they yield on hydrolysis 1 molecule each of the aglycone 
and glucose. Robinson (13), who synthesized chrysanthemin 
chloride, has left no doubt that the sugar residue is attached to 
position (3). While Perkin (14) concluded the sugar in isoquer- 
citrin is attached at any one of three points in the flavonol struc- 
ture, he also pointed out that isoquercitrin is constituted like quer- 
citrin, which has its sugar residue attached to position (3), but on 
hydrolysis yields rhamnose instead of glucose. It seems rea- 
sonably certain, therefore, that glucose is probably located at the 
same position in isoquercitrin as in chrysanthemin. 


EXPERIMENTAL 


The material used in this investigation represents one of the 
general color types recognized as purple in the Cornell experiments. 
In the series of six main color types the intensity of color runs as 
follows: Type I purple; Type II sun-red, Type III dilute purple, 
Type IV dilute sun-red, Type V brown, Type VI green. Full 
details of the genetic relations of these types have been published 
by Emerson (15), to whose memoir the reader is referred. Here 
it may suffice to say that purple is a color type possessing the 
genetic formula AA BB P1P1, and differing from other types in 
developing some purple color even in seedlings grown in the dark. 
At maturity nearly all parts are more or less purple including the 
culm, brace roots, leaf sheaths, husks, and staminate inflorescence. 
Material of this type was furnished by Professor Emerson. 
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Preparation of Chrysanthemin 


Extraction—Ground, air-dried husks weighing 7800 gm. were 
extracted in a large percolator first with u.s.p. ether to remove fats 
and waxes, then with 0.5 per cent methyl alcoholic hydrogen 
chloride. The extract (25 liters) was evaporated under reduced 
pressure to approximately 3.5 liters and placed in an ice box for 
several days to permit the separation of less soluble impurities. 
After filtration, the clear, deep red solution was treated with 5 
volumes of ether, causing the separation of the bulk of pigment as a 
dark gummy residue. After this was washed with ether, the pre- 
cipitate was redissolved in methyl alcohol, the solution filtered 
from insoluble material, concentrated in vacuo, and treated again 
with ether. The gummy precipitate was dissolved in cold 0.01 
per cent aqueous hydrochloric acid and the mixture filtered through 
tale to remove resinous impurities. 

Addition of neutral lead acetate solution precipitated the antho- 
cyanin as a bluish violet salt. This was collected, washed with 
water, and air-dried. The ground lead salt, divided into a number 
of portions, was then decomposed with the minimum quantity of 
10 per cent methyl alcoholic hydrogen chloride, in which the pig- 
ment was soluble. The lead chloride was removed by filtration, 
and a little absolute ethyl alcohol added to the solution, after which 
it was placed in a shallow dish covered with filter paper. 

The mixture slowly deposited the dark impure granular pigment 
on the bottom and sides of the dish. From time to time the solu-. 
tion was removed by decantation and allowed to stand until the 
separation of granular pigment appeared to be nearly complete, 
although the color of the final mother liquor still indicated the 
presence of an appreciable quantity of coloring matter. The pre- 
cipitates were washed with a little absolute ethyl alcohol and 
ether, after which they were air-dried and converted into the 
picrate. 

Purification by Means of Picrate—The crude pigment was pul- 
verized in an agate mortar and dissolved in hot (60°) saturated 
aqueous picric acid. Insoluble gummy impurities were filtered 
off while hot, and the deep orange-red solution was kept in a cool 
place for 1 week. The crude picrate was recrystallized from half 
saturated picric acid solution. It was decomposed, 10 per cent 
methyl alcoholic hydrogen chloride being employed, and the parent 
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substance recovered by precipitation with ether. After being fil- 
tered and washed with ether to remove picric acid, the pigment was 
dried in a desiccator and ground. Subsequently the brown-red 
powder was dissolved in hot methyl alcohol and a little concen- 
trated hydrochloric acid and absolute ethyl alcohol added. 
Allowed to evaporate slowly in a shallow dish as before, the solu- 
tion deposited the coloring matter in much purer form, as shown 
by its bronze luster. It was reconverted into the picrate, a por- 
tion of which was prepared for analysis by several recrystalliza- 
tions from hot water containing a slight excess of picric acid. As 
thus obtained the picrate formed deep brownish red slender prisms 
or needles (Fig. 1) which in mass exhibited a metallic luster and 
melted at 177.5-178.5°. Analysis? of the air-dried substance gave 
C 44.12, H 3.69, N 5.53, H,O 7.36. Chrysanthemin picrate, 
Co7H230:sN;-3H20, requires C 44.31, H 4.00, N 5.75, H:,0 7.39. 
After drying the picrate in a high vacuum at 111°, analysis gave 
C 47.60, H 3.51, N 6.20. Cz;H2s0:sNs requires C 47.84, H 3.42, 
N 6.20. The picrate is easily soluble in alcohol, from which it is 
mainly precipitated with ether, slightly soluble in water, and much 
more soluble in hot water. It is partly decomposed in aqueous 
solution when heated above 70°. 

The bulk of the crude picrate was reconverted as before into 
the chloride, which was repeatedly crystallized by dissolving in a 
minimum quantity of hot 0.01 per cent hydrochloric acid, filtering, 
and treating with 5 volumes of warm 3 per cent ethyl alcoholic 
hydrogen chloride. On cooling there occurred a beautiful glisten- 
ing precipitate of chrysanthemin chloride having a golden bronze 
luster. The crystals were obtained as diamond-shaped platelets 
(Fig. 2) which under the microscope reflected a beautiful play of 
delicate colors. The precipitate was filtered with slight suction 
and washed with 7 per cent aqueous hydrochloric acid. The total 
final quantity of pure coloring matter so obtained amounted to 
8.5 gm., air-dried. From the filtrate on hydrolysis with 20 per 
cent hydrochloric acid, a quantity of aglycone was obtained, which 
was used subsequently for a potassium hydroxide fusion. 

Chrysanthemin Chloride, C2H2,0OyCl—Chrysanthemin chloride, 
as obtained above, contains 14 molecules of water of crystallization. 


2? Where more than one analysis was made, the averaged value is given 
throughout this paper. 
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It was dried over phosphorus pentoxide for 24 hours at 105-110° 
with a high vacuum oil pump and also for 4 hours at 111° in a very 
high vacuum obtained by means of the mercury vapor pump. 
Both methods yielded practically the same analytical results. 
Exposed to the air, anhydrous chrysanthemin chloride in micro- 
quantities reabsorbs its water of crystallization almost instantly. 
The substance was analyzed both in its air-dried state and in the 
anhydrous condition. The air-dried material gave C 49.77, H 4.80, 
Cl 7.10, H,O 4.88. Chrysanthemin chloride, C..H2,0Cl-1}H,O, 
requires C 49.25, H 4.73, Cl 6.93, H,O 5.28. The anhydrous mate- 
rial gave C 52.06, H 4.58, Cl 7.39. Co,H2,0,Cl requires C 52.00, 
H 4.37, Cl 7.32. 

In appearance and behavior with certain reagents the pigment 
agreed in every respect with chrysanthemin chloride isolated from 
the chrysanthemum (Chrysanthemum indicum, L.) by Willstitter 
and Bolton (16) and with a synthetic specimen kindly supplied 
by Professor Robert Robinson (13). It is easily soluble in water, 
forming a dark brownish red color, which on dilution assumes a 
bluish cast. It is almost as easily soluble in 0.01 per cent aqueous 
hydrochloric acid, but in general becomes less soluble as the con- 
centration of acid is increased. The pigment is easily soluble in 
methyl alcohol, but only slightly in ethy] alcohol. Sodium car- 
bonate imparts a violet or blue-violet color to its aqueous solution, 
whereas sodium hydroxide gives a pure blue color. In alcohol, 
ferric chloride yields a blue, which changes to violet color on dilu- 
tion with water. Sodium acetate added to a 1 per cent aqueous 
hydrochloric acid solution of the pigment results in a violet-red 
color. 

Hydrolysis of Glucoside—Chrysanthemin chloride, 0.5 gm., was 
dissolved in 18 cc. of hot water, and 17 ec. of concentrated hydro- 
chloric acid were added. The solution was then boiled for 2 to 3 
minutes, cooled immediately, and set aside overnight in an ice box. 
Crystals of the aglycone began to separate from the solution 
while boiling and when cooling. These were collected in a weighed 
Gooch crucible and washed with 7 per cent aqueous hydrochloric 
acid. Recovery of air-dried cyanidin chloride amounted to 67.31 
per cent. Cy,H»,OyCl-1$H,O yields 66.57 per cent of cyanidin 
chloride, CysHy,O¢Cl- 1 H,0. 

The slightly red filtrate from the hydrolysis mixture was shaken 
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with amyl alcohol to remove traces of cyanidin chloride, then 
neutralized with lead carbonate. The lead chloride was filtered 
off, and the excess of lead removed by means of hydrogen sulfide. 
The solution was concentrated in vacuo and the sugar converted 
into its osazone by heating with phenylhydrazine and acetic acid. 
The yellow precipitate after recrystallization from 50 per cent 
alcohol was collected and dried. It melted at 204—205°, thus in- 
dicating that the hexose sugar in the purple corn pigment is glucose. 

Cyanidin Chloride, CisH ,OsCl—The hydrolytic product of chrys- 
anthemin chloride crystallized from hot 20 per cent hydrochloric 
acid as long, slender brown-red needles (Fig.3) which appeared under 
the microscope to be perfectly homogeneous and free of amorphous 





Fig. 1 Fig. 2 
Chrysanthemin picrate Chrysanthemin chloride 


particles. It was recrystallized by dissolving in ethyl alcohol, 
adding one-half the quantity of 20 per cent aqueous hydrochloric 
acid, and allowing the alcohol to evaporate slowly from a shallow 
dish covered with filter paper. Cyanidin chloride crystallizes with 
1 molecule of water of crystallization. On analysis, the air-dried 
sample gave C 52.77, H 4.27, H,O 5.55. Cyanidin chloride, 
CysHyO.Cl-1H:O, requires C 52.85, H 3.85, H,O 5.29. The 
anhydrous sample, dried in a high vacuum at 111°, gave C 55.53, 
H 3.73, Cl 11.63-CysH,OcCl requires C 55.80, H 3.44, Cl 10.99. 

The identity of the aglycone with cyanidin chloride was further 
confirmed by determining the cleavage products in the usual way 
by potassium hydroxide fusion. The material was heated with 
potassium hydroxide and a very small amount of water to 200-220° 
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for 5 minutes, and then the temperature raised rapidly to 250°. 
The melt was dissolved in water, neutralized with hydrochloric 
acid, and shaken with ether. After the ethereal solution was 
evaporated, the residue was neutralized with sodium bicarbonate 
in aqueous solution and again shaken with ether. The sodium 
carbonate solution, from which the phenol was removed, was 
acidified and shaken out with ether to remove the acid portion. 
In each case the residue was dissolved in hot water and decolorized 
with blood charcoal. The clear solution was then evaporated 
until separation of the solid occurred on standing. The phenol 
proved to be phloroglucinol, identified by means of the charac- 
teristic red color imparted to a pine shaving, when mixed with 





Fig. 3. Cyanidin chloride 


hydrochloric acid. The acid proved to be protocatechuic acid, 
identified by its sublimate of catechol and by the green color 
exhibited with ferric chloride. 


SUMMARY 


1. Chrysanthemin chloride, an anthocyanin coloring matter, 
has been isolated in pure form and identified as such from purple- 
husked maize. The latter is one of a series of color types in maize 
whose heritable behavior has been determined by Emerson. Since 
factorial compositions have been assigned to this series of color types 
and it has been shown that flavonol and anthocyanidin pigments 
are involved as color characters, it goes without saying that this 
series affords ideal material for a chemical interpretation of the 
Mendelian factors involved. The pigments have now been worked 
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out from the brown-husked and purple-husked types. The evi- 
dence obtained thus far favors the possibility of a conversion of the 
flavonols to anthocyanidins by reduction of their corresponding 
homologous glucosides. 


2. Chrysanthemin chloride was purified in the form of its picrate. 


The regenerated pigment on hydrolysis yields molecular propor- 
tions of cyanidin chloride and glucose. 
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A COMPARISON OF THEELIN PREPARED FROM STAL- 
LION URINE, HUMAN URINE, AND FROM THEELOL, 
WITH NOTES ON THE COLORIMETRIC ESTI- 
MATION OF THEELIN AND THEELOL 


By GEORGE F. CARTLAND, ROLAND K. MEYER, LLOYD C. 
MILLER, anp MARSHALL H. RUTZ 


(From the Laboratories of The Upjohn Company, Kalamazoo) 


(Received for publication, January 17, 1935) 


Zondek (1) has reported that the urine of the stallion contains 
a high concentration of estrogenic hormone. Deulofeu and Fer- 
rari (2) and Haussler (3) have isolated from stallion urine a crystal- 
line hormone apparently identical with theelin. 

Since the urine of the pregnant mare yields a theelin crystalline 
material composed of a difficultly separable mixture of closely re- 
lated substances, we were particularly interested in determining 
whether the isolation of pure theelin from stallion urine offers 
similar difficulties. Our results indicate that stallion urine in 
contrast to mare urine readily yields pure theelin. 

Butenandt and Stérmer (4) have described a 8 isomer of theelin 
obtained from mare urine and by dehydration of theelol, which 
differs mainly from the a form in that it is approximately one-fifth 
as active biologically. In view of the recent report of Curtis, 
MacCorquodale, Thayer, and Doisy (5) regarding the great varia- 
tion often encountered in the biological assays of estrogenic sub- 
stances, the question of the existence of a and 8 isomers can be an- 
swered only by parallel assays such as those reported by these workers 
for specimens of theelin obtained from different sources. We have 
confirmed the findings of Doisy’s group (5) and consequently 
realized the necessity of making parallel chemical and biological 
studies on theelin specimens obtained from different sources in 
order to determine whether the theelin from stallion urine exists in 
an aor form. We have obtained no evidence for the existence 
of a less active 8 isomer in stallion urine but have been able to 
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obtain approximately 60 per cent of the total activity of the orig- 
inal urine as crystalline theelin, agreeing in chemical, physical, and 
biological properties with theelin from human urine. Our results 
are also in agreement with Doisy’s in that we have failed to obtain 
evidence of a 8 form of theelin made from theelol by dehydration 
under various conditions. 


EXPERIMENTAL 


Preparation of Theelin from Stallion Urine—Representative 
specimens of urine from four stallions assayed biologically in 
spayed rats by the method of Kahnt and Doisy (6) showed varia- 
tions of from practically 0 (2 year-old colt) to 38,000 rat units per 
liter. 

The urine was covered with } volume of butanol, acidified with 
strong sulfuric acid to Congo red, and refluxed on the steam bath 
for 4 hours. Complete extraction of hormone was accomplished 
by two subsequent extractions in a shaking machine with butanol 
at room temperature. This procedure is effective and avoids 
difficulties due to foaming or troublesome emulsions. The com- 
bined butanol extracts were washed with 2 per cent Na,CO; and 
concentrated in vacuo under nitrogen to a brown oil. From this 
point, further fractionation was carried out by the method of 
Butenandt (7), which is briefly as follows: 

The brown oil was distributed between 50 per cent methanol and 
petroleum ether, the part remaining in 50 per cent methanol being 
called Hormoncharge II by Butenandt. The dilute methanol- 
soluble fraction was distributed between 60 per cent ethanol and 
benzene; the benzene-soluble fraction contains theelin (Hormon- 
charge III). The 60 per cent ethanol-soluble fraction, in the 
case of human urine, contains theelol which is further purified by 
Butenandt by the same method as was used for the theelin fraction. 
We have been unable to find evidence of theelol in this fraction 
from stallion urine but for convenience we refer to this as the 
“theelol” fraction in Table II. 

The benzene-soluble theelin fraction was hydrolyzed with dilute 
alcoholic HCl, extracted with ether, washed, and then extracted 
with Nn NaOH. The n NaOH extract was acidified and extracted 
with ether, yielding an oil rich in theelin (Hormoncharge IV). At 
this point we omitted the high vacuum distillation used by But- 
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enandt and proceeded directly to crystallization of the hormone 
from dilute alcohol. Stallion urine assaying 38,000 rat units per 
liter by this process yielded per liter 16 mg. of crystalline hor- 
mone, m.p. 246—248° uncorrected, which accounts for approxim- 
ately 60 per cent of the biological activity of the original urine. 
Two crystallizations from alcohol yielded colorless crystals, m.p. 
253-254.5° uncorrected. 


Analysis—C,sH2202. Calculated. C 79.95, H 8.21 
Found. 79.97, “* 8.42 


Theelin by Dehydration of Theelol—Theelol (m.p. 275-276° un- 
corrected, [aJ3ig: = +71° (in alcohol)) was intimately mixed with 
40 parts of fused potassium bisulfate and sublimed at 180—200° at 
0.002 to 0.010 mm. The sublimate recrystallized three times from 
alcohol yielded colorless crystals, m.p. 254.5-255.5° uncorrected. 


Analysis—C,sH2.02. Calculated. C 79.95, H 8.21 
Found. ** 79.93, “ 8.15 


Theelin from Human Urine—Late pregnancy urine was acidified 
to Congo red and extracted with butanol at room temperature. 
The butanol extracts were washed with 2 per cent NasCO; and 
concentrated to a brown oil. Further purification was accom- 
plished by either the method of Doisy and Thayer (8) or of Bute- 
nandt and Hildebrandt (9). The crude crystalline material, puri- 
fied by recrystallization from alcohol, yielded colorless crystals, 
m.p. 253.5-254.5° uncorrected. 


Analysis—C;sH2202. Calculated. C 79.95, H 8.21 
Found. ** 80.01, “* 8.14 


Comparison of Theelin from Stallion Urine, Human Urine, and 
from Theelol—Characteristic chemical properties, physical proper- 
ties, and biological assays for these theelin specimens of different 
origin are summarized in Table I. 

The bioassays were carried out by the method of Kahnt and 
Doisy (6), except that the rat unit has been taken as the dose pro- 
ducing a full squamous smear in 50 per cent of the injected rats. 
Injections were made in 0.5 per cent aqueous sodium carbonate 
containing 10 per cent alcohol. Each specimen of theelin has 
been assayed by injecting theelin of international standard as a 
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control in parallel groups of rats. The results summarized in 
Table I are interpreted as furnishing satisfactory proof of the 
identity of theelin prepared from stallion urine, human urine, and 
from theelol. Our results with theelin prepared by dehydration 
of theelol agree with those of Doisy’s group (5) in that we failed 
to obtain evidence of the presence of the 8 hormone described by 
Butenandt and Stérmer (4). The dehydration of theelol with 
potassium bisulfate has been carried out rapidly at 200° and slowly 
at 160—180°, and in no case have we obtained evidence of a less 
active 8 isomer of theelin. 








TaBLe I 
Comparison of Theelin from Stallion Urine, Human Urine, and from Theelol 
Source of theelin................ Interna- | Stallion urine| Human urine Theelol 
tional 
standard 

M.p. (360° thermometer, 

uncorrected), °C....... 252-253) 253-254.5) 253 -254.5) 254.5-255.5 
M.p. (short stem An- . 

schiitz, corrected), °C..| 258-259} 259-260.5) 259.5-260.5) 260.5-261.5 
[a]. in ethyl alcohol. ... +190 +191 +190 
a. WS “Daa +167 +166 +163 
M.p. of benzoate, uncor- 

eee, ET, dhs sneuesd> 214-216 216 -217.5| 216 -217 
Assay (Doisy method), 

rat units per mg.......|1440 1310 1270 1310 

















Notes on Colorimetric Method of Assay—Kober (10) has described 
a colorimetric method for the quantitative estimation of estrogenic 
hormones. Cohen and Marrian (11) have recently described a 
modification of this method which apparently gives results show- 
ing excellent agreement with the biological method. During the 
past year we have been using a modification of the Kober test 
which is much simpler than that described by Cohen and Marrian 
but which is sufficiently accurate to be of great value in the isola- 
tion of the crystalline hormones from urine. Since the adoption 


of this method we have practically dispensed with the biological 
assay except in the case of very crude extracts where discoloration 
produced by impurities interferes with the test. 

Method—The method as originally described by Kober (10) 
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has been slightly modified. The phenolsulfonic acid reagent is 
easily prepared by heating a mixture of equal weights of phenol 
and concentrated sulfuric acid at 110-120° for 15 minutes. The 
mixture is cooled and diluted with 2 volumes of concentrated 
HSOx. 

Into a small fine tipped centrifuge tube introduce 0.1 cc. of an 
alcohol solution containing 0.005 mg. of standard theelin. Intro- 
duce a small glass bead to prevent bumping and remove the sol- 
vent on a water bath in vacuo. Into similar tubes introduce 
measured amounts of the unknown hormone solution estimated to 
contain 0.005 mg. of theelin, and remove the solvent. Add 0.2 
ec. of phenolsulfonic acid reagent to each tube and mix by shak- 
ing. The glass bead facilitates this mixing. Heat in boiling 
water for 3 minutes, shaking the tubes once or twice to assure 
contact between the theelin and the reagent. A yellow color 
develops rapidly with theelin, more slowly with theelol. Cool in 
tap water for about 1 minute. Add 0.2 cc. of water to each tube, 
mix, and heat in a glycerol bath at 125° for 2 minutes. A red 
color develops. Cool in tap water for 1 minute, add 0.6 cc. of 
water to each tube, and mix. The colors are compared against a 
white background. In this way, by using a series of tubes, the 
volume of unknown solution containing the chromogenic equiva- 
lent of 0.005 mg. of standard theelin can be directly determined. 
In the case of the more purified and crystalline fractions the errors 
of reading the colors can be reduced by using a colorimeter. 

Results—To illustrate the value of this colorimetric method in 
following the hormone concentrations of the various urine extracts 
at widely different stages of purity, we have summarized in Table 
II our results with extracts from one lot of human urine and from 
two lots of stallion urine, one of which was active and the other 
inactive. The stages of purification given in Table II refer to the 
Hormoncharge numbers of Butenandt (7) as defined above under 
“Preparation of theelin from stallion urine.’”’ The results show 
that the color equivalents closely follow the active fractions with 
no more than moderate losses between the most crude stage at 
which the colorimetric method is first applicable and the highly 
purified Stage IV at which the hormones can usually be crystallized 
from alcohol. It will be noted that for each fraction listed in 
Table II, the color equivalent is finally confirmed by biological 
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assay or actual isolation of the crystalline hormones in convincing 
amounts. In the case of the biologically inactive lot of stallion 
urine, Lot 13, the color assays at exactly analogous stages of puri- 
fication showed no chromogenic substance to be present. In this 
case not a trace of crystalline theelin could be isolated from the 








TABLE IT 
Colorimetric Assay Applied to Urine Fractions 
Uri , Stage of purification} Total | Color 
rine extracted Fraction (Butenandt) solids | © ny Remarks 
om. | sheclin 

Lot 58. 418 | Theelin + II 24.4 940 | Divided into 
liters human theelol 2 fractions 
urine below 

Theelin III 9.5 93 | Biological as- 
“ IV 0.47| 94 say, 94,000 
rat units 
Theelol III 13.0 | 930 
" 1V 1.28 | 855 
" Crystals, m.p. | 0.745) 745 
269-271° ‘ 

Lot 120. 2.6 | Theelin + II 12.6 100 | Biological as- 
liters stal- “theelol’’ say, 99,000 
lion urine rat units 

Theelin III 1.37 | 105 
“ IV 0.36 | 75 
Crystals, m.p. | 0.041) 41 

246-248° 

Lot 13. 113 | Theelin + II 150 0 | Biological as- 
liters stal- “‘theelol”’ say, inac- 
lion urine tive 

(2 year-old | Theelin III 37.2 0 
colt) “ IV 3.45 0 | Nocrystals 

‘“‘Theelol’’ III 65 0 
ai IV 7.8 0 “cc ai 




















purified fractions representing 113 liters of stallion urine. Thus 
we conclude that the colorimetric method is capable of furnishing 
a rapid estimate of the theelin or theelol content of active urine 
fractions and that lack of color development in any fraction con- 
stitutes valid evidence of the absence of these hormones. 
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Limitations of Colorimetric Method—Certain precautions in the 
use and interpretation of the colorimetric assay are essential in 
order to avoid serious error. Pure theelin and theelol show identi- 
cal color equivalents although theelol is much less active than 
theelin in the adult spayed rat. Consequently, we cannot expect 
by the colorimetric method to measure the biological potency of 
unknown mixtures of theelin and theelol with any degree of accu- 
racy. The color method fails when applied directly to the urine or 
the very crude extracts prepared from it. This failure is due to 
impurities which char or develop yellow or brown colors, masking 
the characteristic red produced by theelin or theelol. The use of 
the Lovibond tintometer as described by Cohen and Marrian (11) 
will undoubtedly be of help in cases where the discoloration is not 
too great. Usually satisfactory results are obtained in extracts 
having a theelin to impurities ratio of 1:20, although very often 
good results have been obtained in extracts with this ratio of only 
1:100. The colorimetric method is at its best when used in evalu- 
ating the potency of unknown solutions of pure theelin or theelol. 
Although theelin and theelol give quantitatively the same end 
colors, the development of this color is sufficiently different in the 
two cases to permit the identification of pure solutions of either 
hormone. This difference depends upon the rate of development 
of the yellow color during the first heating at 100°. With theelin 
the yellow color develops strongly within a few seconds, whereas 
with theelol it requires 2 to 3 minutes for the maximum color to 
develop. Finally it should be mentioned that inactive substances 
are capable of giving a characteristic theelin color reaction by this 
method. For example, the residues remaining in the retort after 
dehydration of theelol in a high vacuum with potassium bisulfate 
have been found to give a strong color reaction although neither 
theelin nor theelol could be isolated from them. In this case the 
color is obviously due to decomposition products. Also, Kober 
(10) reports that anthrol gives this color reaction. The colori- 
metric behavior of the 6 follicular hormone of Schwenk and Hilde- 
brandt (12) and of equilin, equilenine, and hippuline obtained from 
mare urine by Girard et al. (13) remain for future investigation. 


SUMMARY 


The preparation of pure theelin from stallion urine is described. 
Comparative data on the chemical, physical, and physiological 


} 
: 
i 
i 














220 Identity of Theelin 








characteristics are offered to prove the identity of stallion theelin 
with that obtained from human urine and from theelol. 

For the preparation of pure theelin by extraction methods, 
stallion urine is a superior source to mare urine because it yields 
theelin in a readily purified form relatively free from the closely 
related crystalline impurities which interfere in the case of mare 
urine. 

Results obtained with a colorimetric method indicate the value 
of this method for the rapid quantitative estimation of theelin 
and theelol in pure solutions and in semipurified urine extracts. 
The limitations of the method are discussed. 


We wish to thank Mr. Harold Emerson for performing the de- 
terminations by microcombustion. 
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For several years investigators have been engaged in studies of 
the permeability of the capillary wall for protein and have at- 
tempted to determine the relative amounts of albumin and glob- 
ulin in serum, lymph, and edema fluid. Howe’s method (1) of 
salting out the globulin with sodium sulfate, although used by 
several authors (2-4) in the fractionation of the proteins of lymph, 
is unsatisfactory when the protein content is low and cannot be 
applied when the volume available for analysis is very small. 
Howe discusses the effect of the dilution of plasma on the accuracy 
of the separation of albumin and globulin; an examination of 
Table I in his original article shows that the procedure may result 
in a loss of albumin, the error sometimes being as high as 10 per 
cent. Errors of this magnitude cause wide fluctuations of the 
albumin to globulin ratio (3). In this laboratory the reliability 
of Howe’s method for fractionating such fluids has been tested by 
analyzing normal dog serum and dilutions of the same serum with 
0.90 per cent saline to simulate the concentrations of protein found 
in lymph. Three normal dog sera, selected at random, and dilu- 
tions of the same sera ranging from 0.25 per cent to 2.0 per cent 
of total protein, were analyzed. In Table I the determined results 
are compared with the calculated values. In each case precipita- 
tion of the globulin in the diluted serum was more complete than 
in the original serum and resulted in low values for albumin. 
That the discrepancy is greater than the error of the micro-Kjel- 
dahl method for determining nitrogen is shown by the analysis of 
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the total protein content of the dilutions of Sera 321 and 322. 
The wide fluctuation in the albumin to globulin ratio resulting 
from this loss of albumin is also shown. 

The development of the precipitin reaction as a quantitative 
method for the estimation of small quantities of antigens and hap- 
tens (5, 6) suggested that immunological methods might be useful 
in determining small amounts of albumin and globulin with in- 
creased accuracy. It was assumed as a working hypothesis that 


TABLE I 


Comparison of Determined Values of Albumin and Globulin in Diluted Sera 
with Calculated Results. Analyses by Howe’s Method 


The results are expressed in gm. per 100 cc. 














pha es Albumin Globulin | Total protein Aun 
No. Dilution 
Deter- | Calcu- | Deter- | Calcu- | Deter- | Caleu- | Deter- | Calcu- 
mined | lated | mined | lated | mined | lated | mined | lated 
367 Undiluted | 3.79 2.56 6.35 1.5 
367 1:6 0.53 | 0.63 | 0.53 43 1.06; 1.0 | 1.5 
367 1:12 0.24 | 0.32 | 0.29 | 0.21 0.53 | 0.8 | 1.5 
367 1:24 0.12 | 0.16 | 0.15 | 0.11 0.27 | 0.8 | 1.5 
321 Undiluted | 3.71 2.67 6.38 1.4 
321 1:3 1.13 | 1.24 | 1.02 | 0.89 | 2.15 | 2.13 | 1.1 1.4 
321 1:6 0.57 | 0.62 | 0.49 | 0.44 | 1.06 | 1.06} 1.2 | 1.4 
321 1:12 0.25 | 0.31 | 0.28 | 0.22 | 0.53 | 0.53 | 0.9 | 1.4 
322 | Undiluted | 2.46 4.82 7.28 0.5 
322 1:3 0.73 | 0.82 | 1.72 | 1.61 | 2.45 | 2.43 | 0.4 | 0.5 
322 1:6 0.33 | 0.41 | 0.88 | 0.80 | 1.21 | 1.21 | 0.4 | 0.5 
322 1:12 0.17 | 0.21 | 0.45 | 0.40 | 0.62 | 0.61 | 0.4 | 0.5 
































These sera were also analyzed by the precipitin method at dilutions of 
1:200 or 1:300. A comparison of the results is shown in Table II. 


the albumin and globulin fractions of the body fluids have the same 
immunological specificity as the corresponding fractions of the 
serum. The problem is complicated by the fact that serum pro- 
tein contains five immunologically distinct fractions (7). Two of 
these, pseudoglobulin and euglobulin, are precipitated at half 
saturation with ammonium sulfate and therefore make up the 
globulin fraction as ordinarily determined. The filtrate from the 
precipitated globulin, usually considered albumin, contains a mu- 
coprotein and two albumins that differ immunologically. 
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Application of the precipitin method to the analysis of protein 
fractions in biological fluids involves: (1) the preparation of antisera 
that will precipitate all of the antigenic components of one frac- 
tion without marked cross precipitation of other fractions; (2) 
the standardization of these antisera with known quantities of 
serum albumin and serum globulin; (3) the estimation of albumin 
and globulin in unknown biological fluids by comparison with the 
standardization curves of the antisera. 

Preparation of Antigens—Albumin and globulin fractions were 
prepared from normal dog serum. The globulin was precipitated 
at half saturation with ammonium sulfate, washed, dissolved in 
saline, and reprecipitated twice to remove traces of albumin. 

Since the filtrate from the original precipitation of the globulin 
contained all of the antigenic components of serum except euglob- 
ulin and pseudoglobulin, it was selected as most nearly represent- 
ing the albumin fraction as ordinarily determined. Both prepara- 
tions were dialyzed free from ammonium sulfate and analyzed for 
nitrogen and non-protein nitrogen content by a modification of 
the Pregl micro-Kjeldahl method (8). 

Preparation of Antisera—Alum-precipitated suspensions (9) 
of the albumin and globulin fractions were prepared and injected 
into the ear veins of rabbits. A course of eighteen injections re- 
sulted in a total administration of approximately 11.4 mg. of anti- 
gen per rabbit. The rabbits showing a sufficiently high antibody 
titer in test bleedings were bled from the heart and the antisera to 
each antigen pooled. Both antisera were sterilized by filtering 
through a Berkefeld N candle; merthiolate was added to a total 
concentration of 0.01 per cent; and the sera were stored in small 
rubber-stoppered bottles in the ice box. 

Standardization of Aritisera—The pooled antisera showed a 
small amount of precipitation when set up against the heterologous 
antigen. No attempt was made to free them from this cross 
reacting material because each of the antigens was known to con- 
tain traces of the other fraction, and absorbing out the heterologous 
antibodies with these impure antigens would remove an important 
fraction of the homologous antibodies. Since all of the biological 
fluids to be analyzed contained both albumin and globulin, the 
error due to cross precipitation could be corrected by standardizing 
the antisera against dilutions of normal dog serum containing 
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known amounts of albumin and globulin. The method of stand- 
ardization was essentially that of Heidelberger and Kendall (5). 

The dog serum used for standardization contained 33 mg. of 
albumin and 30 mg. of globulin per ce., as determined by Howe’s 
method. Dilutions of this serum were made with sterile saline 
so that concentrations ranging from 0.1 to 0.4 mg. of albumin per 
ec. and of 0.1 to 0.4 mg. of globulin per cc. were available. Du- 
plicate samples of the diluted antigens were measured out intosterile 
Wassermann tubes, the volume made up to 2 cc. with saline, and 
1 ce. of the homologous antiserum added to each tube. Blanks 
were set up in duplicate with 2 cc. of saline and 1 cc. of antiserum. 
Calibrated pipettes were used throughout but were not sterilized. 
The contents of each tube were thoroughly mixed by carefully 
stroking the tube and giving it a swirling motion. The tubes were 
plugged with rubber stoppers, held at 37° for 2 hours, and placed 
in the ice box overnight. 

The following morning the tubes were centrifuged for 10 min- 
utes in a small angle centrifuge which was placed in a refrigerator 
regulated to maintain a temperature of 4°. The supernatant 
fluid' was carefully decanted into a small test-tube without loss of 
precipitate and the tube was inverted for a few minutes on a towel 
to drain. Excess fluid was wiped off and the tubes were returned 
to a test-tube rack imbedded in ice and water. Each precipitate 
was dispersed in 2 cc. of ice-cold saline, allowed to stand for 30 
minutes in ice water, centrifuged, and carefully drained. After a 
second washing with 2 cc. of saline in a similar manner, the precipi- 
tate was dissolved in 5 drops of normal sodium hydroxide solution 
and rinsed quantitatively into a micro-Kjeldahl flask. Duplicate 
determinations of the total nitrogen in the precipitates showed a 
maximum variation of 3.4 per cent. In Chart I the amount of 
nitrogen precipitated is plotted against the quantity of antigen 
used. 

Analysis of Biological Fluids—Precipitin analyses were carried 
out on serum, lymph, edema fluid, and ascitic fluid from dogs. 
Total nitrogen was first determined on a small sample of the fluid 
to estimate the approximate albumin and globulin concentrations. 
Dilutions of the fluid containing about 0.30 mg. of albumin and 


1 The supernatant fluid was tested for excess of antiserum by the addi- 
tion of a smal! quantity of antigen. 
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0.25 mg. of globulin were set up in duplicate with the two antisera, 
the technique described in the standardization of the antisera? being 
used. The amount of globulin and albumin in the sample ana- 
lyzed was determined from the precipitated nitrogen by compari- 
son with the standardization curves in Chart I. The supernatant 
fluids were always tested for excess antibody by the addition of 
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Cuarrt I. Serum standardization 


antigen. The method allows for a considerable variation in the 
quantity of albumin and globulin present in the analyses, but the 
greatest accuracy is obtained at the levels indicated. 

Twenty-five analyses on sera from sixteen dogs were carried 
out in duplicate, the precipitin method being compared with 
Howe’s method. In the latter the average difference for duplicate 


2 Most normal sera were analyzed at dilutions ranging from 1:200 to 
1:300, lymphs from 1:25 to 1:50, and edema fluids from no dilution to 1:25, 
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determinations of albumin was 2.2 per cent, with a maximum 
difference of 6.4 per cent. For the precipitin analyses the average 











TaBLe IT 
Analysis of Serum from Dogs. Comparison of Howe’s Method and Precipitin 
Method 
Dog No. | Method | Albumin | Globulin | Total | AtbUmin | Remarks 
gm. per gm. per gm. per 
100 ce. 100 ce. 100 cc. 

189 Howe 3.89 2.07 5.96 1.9 Normal 
Precipitin 3.77 2.47 6.24 1.5 

191 Howe 2.42 2.16 4.58 1.1 . 
Precipitin 2.21 2.32 4.53 1.0 

207 Howe 3.24 1.81 5.05 1.8 sad 
Precipitin 3.27 2.43 5.70 1.4 

246 Howe 3.86 2.49 6.35 1.6 = 
Precipitin 3.60 3.19 6.79 1.1 

293 Howe 2.94 2.90 5.84 1.0 " 
Precipitin 2.24 2.79 5.03 0.8 

296 Howe 3.37 2.62 5.99 1.3 " 
Precipitin 3.94 2.47 6.41 1.6 

321 Howe 3.71 2.67 6.38 1.4 7 
Precipitin 3.68 2.76 6.44 1.3 

322 Howe 2.46 4.82 7.28 0.5 “ 
Precipitin 2.23 4.76 6.99 0.5 

336 Howe 4.26 1.91 6.17 2.2 ss 
Precipitin 4.19 1.83 6.02 2.3 

347 Howe 2.98 2.64 5.62 1.0 ai 
Precipitin 2.84 2.78 5.62 1.0 

367 Howe 3.79 2.56 6.35 1.5 < 
Precipitin 3.70 2.54 6.24 1.5 

387 Howe 2.96 1.88 4.84 1.6 a 
Precipitin 3.17 1.70 4.87 1.9 

190 Howe 1.37 3.05 4.42 0.5 Edematous 
Precipitin 1.03 3.43 4.43 0.3 

205 Howe 1.95 3.53 5.48 0.6 - 
Precipitin 1.47 4.37 5.84 0.3 

206 Howe 0.99 3.04 4.03 0.3 cae 
Precipitin 0.74 3.46 4.20 0.2 

840 Howe 1.29 3.32 4.61 0.4 ™ 
Precipitin 1.07 3.50 4.57 0.3 























difference for duplicate determinations of both albumin and glob- 
ulin was 2.9 per cent, with a maximum difference of 7.1 per cent. 
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The data resulting from the analysis of a single serum from each 
dog are presented in Table IT. 

Thirty-one samples of subcutaneous lymph obtained at various 
intervals from thirteen dogs were analyzed in duplicate by both 
methods. Table III summarizes the results of a single lymph from 
each dog. The duplicate determinations of albumin by Howe’s 
method showed an average difference of 9.7 per cent, with a maxi- 
mum difference of 32.0 per cent, and by the precipitin method an 
average difference of 2.6 per cent, with a maximum difference of 
7.5 per cent. The duplicate analyses of globulin by the precipitin 
method gave essentially the same variations, an average difference 
of 2.0 per cent, with a maximum difference of 5.7 per cent.* 

In Table IV are summarized the results obtained on the analyses 
of edema and ascitic fluids to date. The series is small as few 
experimental animals were available for this particular study. 
Agreement of the total protein figures is consistent, but in this 
group fractionation of the proteins by salting out was not possible. 

It was pointed out previously that serum albumin and serum 
globulin cannot be looked upon as single antigens but that each 
contains two or more immunologically distinct fractions. 
Because the fractions of a multiple antigen may vary in their 
ability to evoke antibody formation and because the distribution 
of these fractions in individual animals will not conform exactly 
with that in the antigens used for preparing antisera, the precipi- 
tin method was not expected to yield accurate values for the total 
amounts of albumin and globulin in the sera of normal dogs. The 
fairly close agreement which was obtained for albumin, globulin, 
and total protein values, therefore, came as a surprise. In five 
dogs (Dogs 246, 296, 205, 293, and 207) there is some discrepancy 
in the total protein figure; in four dogs (Nos. 190, 296, 205, and 
293) the albumin determinations show variation; and in six dogs 
(Nos. 190, 206, 189, 246, 205, and 207) globulin values do not 
agree. Although the reason for these discrepancies is not known, 
they suggest some difference in the character of the protein frac- 
tions in different dogs, particularly as repeated determinations on 
sera drawn from the same dog at different times show consistent 


3 It is seen that the percentage error by Howe’s method increases rapidly 
when fluids low in protein are to be analyzed, a factor which does not affect 
the accuracy of measurement by the precipitin method. 
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variations. Some of the differences might be obviated by using 
pooled sera instead of a single serum in the preparation of the 
antigens. It was also surprising to find that in other body fluids 
the total protein figures obtained in the precipitin method by the 


TasB_e III 


Analysis of Subcutaneous Lymph from Dogs. Comparison of Howe’s Method 
and Precipitin Method 




















Dog No. Method Albumin | Globulin | Total Atanin Remarks 
gm. per | gm. per | gm. per 
100 ce. 100 ec. 100 ce. 

189 Howe 1.28 0.69 1.97 1.9 Normal 
Precipitin 1.48 0.66 2.14 2.2 

191 Howe 0.49 0.54 1.03 0.9 2 
Precipitin 0.46 0.59 1.05 0.8 

192 Howe 0.36 0.22 0.58 1.6 ” 
Precipitin 0.40 0.19 0.59 2.1 

207 Howe 0.61 0.33 0.94 1.9 “s 
Precipitin 0.74 0.35 1.09 2.1 

246 Howe 0.85 0.38 1.23 2.2 “ 
Precipitin 0.88 0.45 1.33 2.0 

367 Howe 0.97 0.61 1.58 1.6 " 
Precipitin 1.08 0.56 1.64 1.9 

387 Howe 0.74 0.37 1.11 2.0 - 
Precipitin 0.81 0.25 1.06 3.2 

190 Howe 0.14 0.35 0.49 0.4 Edematous 
Precipitin 0.13 0.36 0.49 0.4 

205 Howe 0.56 1.15 1.71 0.5 " 
Precipitin 0.42 1.34 1.76 0.3 

206 Howe 0.21 0.77 0.98 0.3 as 
Precipitin 0.20 0.79 0.99 0.3 

293 Howe 0.20 0.36 0.56 0.6 te 
Precipitin 0.16 0.33 0.49 0.5 

336 Howe 0.19 0.46 0.65 0.4 “ 
Precipitin 0.16 0.41 0.57 0.4 

840 Howe 0.15 0.48 0.63 0.3 ” 
Precipitin 0.19 0.44 0.63 0.4 











addition of the albumin and globulin fractions compared so favor- 
ably with the results of direct chemical analyses. This suggests 
that in the dog under the above experimental conditions all the 
protein present in the various body fluids has the same immun- 
ological specificity as the serum proteins. 
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In the determination of albumin to globulin ratios of fluids of 
low protein content the precipitin method has particular validity. 
It has already been shown that the accuracy of the precipitin 
method increases as the total protein content decreases, since the 
total protein is obtained by multiplying the amount found in the 
sample tested by the dilution factor, while the error of Howe’s 
method rises progressively and rapidly. Moreover, since in 


TaBLe IV 


Analyses of Edema Fluids and Ascitic Fluids. Comparison of Direct 
Chemical Analysis and Precipitin Method 





























Dog No. | Typeof fluid | Method | Albumin | Globulin | Total Abana 
gm. per | gm.per | gm. per 
100 cc. 100 ce. 100 ec. 
190 Edema Kjeldahl 0.113 
Precipitin | 0.055 0.081 0.136 0.7 
190 se Kjeldahl 0.100 
Precipitin | 0.051 0.076 0.127 0.7 
206 ses Kjeldahl 0.290 
Precipitin | 0.073 0.250 0.323 0.3 
207 " Kjeldahl 0.079 
Precipitin | 0.030 0.054 0.084 0.6 
207 Ascitic Kjeldahl 0.035 
Precipitin | 0.015 0.025 0.040 0.6 
293 Edema Kjeldahl 0.72 
Precipitin | 0.37 0.36 0.73 1.0 
336 . Kjeldahl 0.225 
Precipitin | 0.045 0.149 0.194 0.3 
336 i Kjeldahl 0.217 
Precipitin | 0.058 0.140 0.198 0.4 





Howe’s method globulin is determined by difference, an error in 
the numerator of the ratio becomes necessarily paired with an error 
of opposite sign in the denominator, so that neutralization of the 
two errors cannot possibly take place. The error of the quotient 
is smaller in the precipitin method by reason of the fact that albu- 
min and globulin are analyzed separately. 

Albumin to globulin ratios determined on fluids taken simul- 
taneously from the same animal should be strictly comparable 
even if they may not be compared with ratios obtained by salting 
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out the proteins. When the precipitin method was used to analyze 
‘ serum, lymph, edema fluid, and ascitic fluid taken on the same day 
from various dogs, the albumin to globulin ratios of lymph, edema 
fluid, and ascitic fluid were consistently higher than the albumin 
to globulin ratio of the corresponding serum. This relation is 
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Cuart II. Comparison of the albumin to globulin ratios of serum and 
lymph of dogs. The diagonal line represents identity of the ratios. 


shown graphically in Chart II. When Howe’s method was used, 
such consistent results were not obtained. The increase in the 
albumin to globulin ratio of the various fluids which have passed 
through a capillary wall as compared with the albumin to globulin 
ratio of the corresponding serum suggests a selective permeability 
for albumin. 
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The precipitin method promises to be of particular value in the 
fractional analysis of protein in fluids of low protein content. It 
may also be used for the determination of comparative albumin to 
globulin ratios in fluids of higher protein content when only small 
quantities are available for analysis. Total protein in fluids of 
low protein content may be estimated accurately by adding the 
albumin and globulin as determined by this method. 


The authors wish to thank Dr. M. Heidelberger and Dr. A. A. 
Weech for their interest and cooperation. 


SUMMARY 


1. A new method is presented for the differential analysis of 
albumin and globulin in fluids of low protein content. The gen- 
eral agreement with the total protein determined by chemical 
analysis affords further confirmation of the accuracy of the abso- 
lute method of precipitin determinations. 

2. Data obtained by this methed are presented which suggest 
a selective permeability of the capillary wall for albumin. 
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THE CARBON MONOXIDE CAPACITY, IRON, AND TOTAL 
NITROGEN OF DOG HEMOGLOBIN 


By DEMPSIE B. MORRISON anp ALAN HISEY 


(From the Department of Chemistry, University of Tennessee School of Bio- 
logical Sciences, Memphis) 


(Received for publication, January 5, 1935) 


Since 1866 there have been not less than twenty-six published 
investigations of the oxygen or carbon monoxide capacity of 
mammalian hemoglobins, exclusive of miscellaneous iron and 
molecular weight determinations from which the capacity values 
may be calculated.’ All investigators except Morrison (2) have 
determined the hemoglobin concentration by indirect methods, 
spectrophotometric and iron analyses having been most frequently 
employed. In only one of the investigations (2) were the precision 
manometric methods of Van Slyke and his associates employed 
and crystallized hemoglobin was used only in an occasional in- 
stance. Of the twenty-five final reports, in only three did workers 
use sufficiently precise methods to obtain consistent results. 
Their range of values in cc. of carbon monoxide per gm. of hemo- 
globin is as follows: Hiifner (3) obtained one value of 1.30 and 
five values from 1.34 to 1.36; Saint-Martin (4), 1.33 to 1.35; and 
Butterfield (5), 1.30 to 1.35. Peters (6), using the Barcroft and 
Roberts (7) method, found that from 383 to 400 cc. of oxygen 
(average 393 cc.) combined -with the hemoglobin containing 1 gm. 
of iron, but he did not have sufficient data to calculate the oxygen 
capacity per gm. of hemoglobin. Accurate iron determinations 
(Hiifner (3)) indicate that the accepted capacity value of 1.34 cc. 
of oxygen or carbon monoxide per gm. of hemoglobin is somewhat 
too low. Hiifner, Saint-Martin, and Butterfield determined the 
hemoglobin concentrations of their solutions spectrophotometri- 
cally. The validity of such measurements depends finally upon 


1 See the table in Wertheimer’s (1) paper and preliminary report by 
Morrison (2). 
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the purity of the hemoglobin or hemoglobin derivative employed 
in calibration of the spectrophotometer. Recent values obtained 
by Kennedy (8) and Winegarden and Borsook (9) for the extine- 
tion coefficients of carboxyhemoglobin and oxyhemoglobin are 
higher than those used by earlier workers and indicate that earlier 
values for the oxygen and carbon monoxide capacity are signifi- 
cantly low. 
TABLE I 
Total Nitrogen of Hemoglobins 








Species Observer Total N 

per cent 

Dog Jaquet (12) 15.98 
- Schmidt (13) 16.33 
- Hoppe-Seyler (14) 16.17 
- Block (15) 16.40 
oo Morrison and Hisey 16.49 
Ox Hiifner, cf. (16) 17.70 
a Roche, Roche, Adair, and Adair (16) 16.75 
Horse Zinnoffsky (17) 17.94 
" Jaquet (12) 17.94 

" Schultz (18) 17.33 

” Nencki (19) 17.06 

- Kossel, cf. (20) 17.31 

“ Otto, cf. (20) 17.28 
sa Bucheler, cf. (20) 17.61 

" Hiifner (20) 17.61 

- Jorpes (21) 16.80 

¥ Block (15) 16.70 
Human Haurowitz (22) 17.0 











Precise values for physically dissolved gases in hemoglobin 
solutions have only recently been obtained by Van Slyke and 
associates (10, 11). Earlier workers applied too low corrections 
for physically dissolved gases. It is interesting to note that this 
error was nearly compensated by the low extinction coefficient 
employed in determining hemoglobin concentrations. 

Published values for total nitrogen of the hemoglobins vary 
widely, as shown in Table I. 


Methods 


Fresh human, ox, or dog blood (defibrinated or oxalated) was 
centrifuged and the serum or plasma removed by a pipette attached 
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to suction. The cells were washed four to five times with 0.9 per 
cent sodium chloride solution. Purified hemoglobin solutions 
were prepared from the washed cells by three different procedures: 
(1) laking the cells with distilled water without further purifica- 
tion; (2) further purification by the alumina cream method of 
Marshall and Welker (23), and subsequent dialysis in cellulose 
casing until chloride-free; (3) crystallization of the hemoglobin. 

Crystalline hemoglobin was prepared from dog blood by either 
the method of Heidelberger (24) or that of Ferry and Green (25). 
As a supercentrifuge was not available, the Ferry and Green pro- 
cedure was modified by washing the cells four times in a centrifuge 
of large capacity and laking the cells with toluene. The remainder 
of the procedure was essentially that of the authors. By either 
method we obtained what appeared to be complete crystalliza- 
tion within a short time. The crystals were separated by cen- 
trifuging in chilled cups and the stroma and toluene were removed 
by suction. After washing with ice-cold distilled water (four to 
five times) in the centrifuge until all visible traces of stroma and 
toluene were removed, the crystals were dissolved and recrystal- 
lized by the method of Ferry and Green (25). The crystals ob- 
tained from this second crystallization were washed four to six 
times in the same manner as before. After the final washing they 
were dissolved in distilled water and aliquots of these solutions 
were analyzed immediately. 

All analyses involving the activity of the hemoglobin were com- 
pleted within 18 hours from the time the blood was drawn from the 
animal, and usually within a much shorter period. The only 
exception to this routine was in the case of Samples 1 to 3 (Table 
III) which were crystallized as carbon monoxide hemoglobin and 
dialyzed in cellulose casing against distilled water, saturated with 
a mixture of carbon monoxide and carbon dioxide gases, until 
chloride-free. All operations of crystallization and dialysis were 
carried out at as low a temperature as possible. It may be noted 
that the three dialyzed samples retained more base than the 
washed samples, as indicated by greater solubility of the former. 

Carbon monoxide capacity and capacity after reduction were 
determined upon 5 cc. aliquots of the hemoglobin solutions by the 
methods of Van Slyke and Hiller (26) in a manometric apparatus. 
The distilled water was reduced by 3 cc., since there were no cells 
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to lake. Water from a constant temperature bath continually 
flowed through the jacket of the Van Slyke-Neill pipette. 

The hemoglobin concentration was determined by weighing the 
residue from aliquots of the solutions after evaporating and drying 
to constant weight at 105°. In the case of the purified (Procedure 
2) solutions we have also precipitated the hemoglobin in aliquots 
by acetone and after washing with acetone filtered on Jena glass 
crucibles and dried at 105°. Weighed samples of the dried hemo- 
globin and aliquots of the original solutions were analyzed for total 
nitrogen by the Kjeldahl method. The values were the same in 
either case. In addition we have pipetted aliquots of these solu- 
tions into a number of Kjeldahl flasks. Some of these flasks were 
placed in an oven and the contents dried at 105° for 48 hours, 
before the sample was digested. The samples in the other flasks 
were digested immediately. Again, the results were the same. 
This would demonstrate that whatever change takes place on dry- 
ing hemoglobin does not involve a loss of nitrogen. 

The acid and alkali used in the total nitrogen determinations 
were standardized directly or indirectly with two different lots of 
constant boiling hydrochloric acid, with sodium carbonate, and as 
a further check the ammonia from weighed samples of recrystal- 
lized ammonium sulfate was distilled and quantitatively recovered. 
Hemoglobin Samples 2 and 3 were also analyzed independently? 
by another worker in the department with his own solutions, and 
his results were in perfect agreement with ours. 

For the iron determinations we have used the titanous reduction 
method with a technique similar to that of Klumpp (27), but have 
determined the end-point with a potentiometer. 

The weights used were calibrated against a weight certified by 
the United States Bureau of Standards and all volumetric appara- 
tus, including the Van Slyke-Neill pipette, was calibrated with 
these weights. Mercury was used in the calibration of the smaller, 
and boiled out distilled water for the larger, apparatus. 


EXPERIMENTAL 


In Table II are summarized the carbon monoxide capacity to 
iron content ratios of seventeen samples of human hemoglobin 


2 We are indebted to Dr. E P. Laug for these independent analyses. 
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prepared by Procedure 1. The average value of 0.400 + 0.005 
ec. compares with the theoretical value of 0.401 ec. which assumes 
a ratio of 1 atom of iron to 1 molecule of carbon monoxide. 

On seven different samples of purified dialyzed human hemo- 
globin (Procedure 2) we have obtained a carbon monoxide capacity 
ranging from 1.29 to 1.34 cc. per gm. One sample of ox blood 
purified by this procedure gave a value of 1.34 cc. per gm. Hemo- 
globin precipitated by alcohol or acetone from similar purified 
preparations and dried at 105° gave values for iron of 0.310 to 
0.339 per cent. We then abandoned this mode of purification as 
impractical for our work. y 











TaBLeE II 
Carbon Monoxide Capacity and Iron Content of Human Hemoglobin 
Sample co Ce. CO co Ce. CO 
Ne capacity Iron “Mg. Fe Sample No. capacity Iron “Mg. Fe 
vol. per | mg. per vol. per | mg. per 
cent cent cent cent 

1 17.58 | 44.00 | 0.400 10 16.35 | 40.98 | 0.399 
2 12.20 | 30.38 | 0.401 ll 15.28 | 38.40 | 0.398 
3 18.05 | 45.23 | 0.400 12 15.80 | 39.70 | 0.398 
4 12.57 | 31.00 | 0.405 13 19.74 | 49.33 | 0.400 
5 22.07 | 55.00 | 0.401 14 20.17 | 50.47 | 0.400 
6 20.10 | 50.12 | 0.401 15 13.53 | 33.63 | 0.402 
7 11.72 | 29.34 | 0.400 16 11.61 | 29.24 | 0.397 
8 20.45 | 50.56 | 0.404 17 14.56 | 36.22 | 0.402 

9 20.88 | 52.45 | 0.398 
Average. .| 16.63 | 41.53 | 0.400 





























On three samples of recrystallized dog hemoglobin dried at 105° 
we have obtained the following results. 


Hb Fe Fe co 
gm. mg. per cent ce. 
3.4023 gave 11.56 = 0.340 equivalent to 1.363 
5.0664 17.10 0.338 1.355 
3.9516 13.32 0.337 1.351 


In Table III are given the results of direct determination of car- 
bon monoxide capacity and total nitrogen values of recrystallized 
dog hemoglobin. Each of the ten samples was analyzed for active 
capacity and capacity after reduction. The values were identical 
within the limits of experimental error except for Samples 2 and 3 
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whose values are reported as capacity after reduction. The nitro- 
gen values represent averages of three or more determinations. 


DISCUSSION 


Our results for the carbon monoxide capacity* of hemoglobin 
are slightly higher than the averages reported by other workers. 
These values more nearly represent the minimal capacity values 
than do the average values of other workers for the following 
reasons. (1) Our values were determined by methods which 
eliminate any correction for physically dissolved carbon monoxide 
and purity of a primary standard. (2) The highest consistent 




















TaBieE III 

Carbon Monoxide Capacity and Total Nitrogen of Dog Hemoglobin 

Sample No. | CO capacity Hb ee Hb eo 
vol. per cent | gm. per cent per cent N 

1 8.56 6.337 1.351 16.57 8.15 

2 7.89 5.863 1.346 16.49 8.16 

3 10.25 7.506 1.365 16.50 8.27 

4 4.82 3.529 1.366 16.46 8.30 

5 5.11 3.848 1.328 16.46 8.07 

6 2.86 2.094 1.366 16.49 8.28 

7 3.00 2.227 1.347 16.44 8.19 

8 1.27 0.919 1.382 16.45 8.40 

9 1.00 0.746 1.340 16.49 8.12 

10 2.53 1.859 1.361 16.56 8.22 

«oa pine tant tania en ae 1.355 16.49 8.22 














value would probably be nearer the true value, since impurities 
and deterioration of hemoglobin tend to lower the capacity per 
gm. value. Our crystalline preparations were highly purified and 
the time of preparation was shortened to a maximum of 18 hours 
as compared to 2 or 3 days by other workers. (3) With non-crys- 
talline and presumably less pure preparations of human and ox 
hemoglobin we were able to obtain values as high as the generally 


3 Carbon monoxide capacity is identical with oxygen capacity as shown 
by Sendroy, Dillon, and Van Slyke (11). 
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accepted capacity of 1.34 cc. per gm. (4) Recent work (8, 9) 
places the spectrophotometric extinction coefficient at a higher 
value than used by previous workers, and this correction would 
increase their capacity values. 

Hemoglobin is one of the few proteins whose molecular weights 
can be determined by chemical methods. It would thus serve as a 
standard for molecular weight determinations on other proteins 
by physical methods. The equivalent weight of hemoglobin calcu- 
lated from our data is 16,470 and the molecular weight is 65,880 
compared with Hiifner’s values of 16,670 and 66,680. Direct 
molecular weight determinations are not as precise as most 
methods of chemical analysis and, with the exception of the Sved- 
berg (28) method, depend on a primary standard; 7.e., for hemo- 
globin, oxygen capacity, iron, or total nitrogen. While direct 
molecular weight determinations of hemoglobin are necessary in 
estimating what multiple of the equivalent weight is the true 
molecular weight, they cannot be used in calculating a precise 
value for the oxygen capacity of hemoglobin. 

We are cognizant of the fact that the values we present are 
based upon a product obtained when active hemoglobin is dried. 
The solubility is altered and the product is no longer active towards 
oxygen or carbon monoxide. These conditions are true of all 
previous work. We have demonstrated repeatedly that there 
is no loss of nitrogen on drying; we have not given specific data, 
as these would merely recapitulate the total nitrogen data. Our 
data do not settle the question of a possible loss of hydrogen and 
oxygen in the form of water which may be essential to activity of 
the molecule. But such loss of water, if it occurs, is constant and 
does not affect the reproducibility of this practical standard. 


SUMMARY 


1. Direct and indirect measurements of the carbon monoxide 
capacity of dog hemoglobin indicate a minimal value of 1.36 cc. 
of CO per gm. 

2. The total nitrogen of dog hemoglobin is 16.49 + 0.08 per cent. 

3. The molecular weight of hemoglobin calculated from chemi- 
cal data is approximately 66,000. 

4. Drying hemoglobin at 105° does not result in a loss of nitrogen 
from the molecule. 
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THE SOLUBILITIES OF CERTAIN AMINO ACIDS AND 
RELATED COMPOUNDS IN WATER, THE DENSITIES 
OF THEIR SOLUTIONS AT TWENTY-FIVE DEGREES, 
AND THE CALCULATED HEATS OF SOLUTION AND 
PARTIAL MOLAL VOLUMES. II* 


By JOHN B. DALTON anv CARL L. A. SCHMIDT 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, November 5, 1934) 


The present work is a continuation of the previously reported 
studies on the solubilities of various amino acids in water and the 
densities of their aqueous solutions (1).'_ Data are here presented 
for l-asparagine monohydrate, /-cystine, d-isoleucine, dl-methi- 
onine, /-phenylalanine, dl-serine, taurine, and /-tryptophane. Ex- 
cept for asparagine, previously reported data relating to these 
compounds are either quite fragmentary or inconsistent. 

The purity of all compounds was such as to meet the require- 
ments of the present experiments.? The technique used in the 
determination of solubilities and densities, the method of calcu- 
lating the equations for the solubility data, and the calculation 
of the differential heats of solution and the partial molal volumes 
were the same as those which have been described previously (1). 
The micro-Kjeldahl procedure of Parnas and Wagner (2) was used 
to estimate the nitrogen content of the tryptophane solutions, 


* Aided by grants from the Pauline Fore Moffitt Memorial Fund, the 
James Moffitt Memorial Fund, and the Research Board of the University 
of California. 

1On p. 554, last line of the text, a typographical error should be cor- 
rected by substituting V for g. The nomenclature used throughout the 
present paper is the same as that previously given (1). 

? The optical activity, [a]>, of the compounds studied was determined 
as follows: l-asparagine-H,O, +37.3° in 10 per cent HCI; l-cystine, —223° 
in 1 n HCl; d-isoleucine, +36.3° in 20 per cent HCl; l-phenylalanine, 
—35.0° in H,O; l-tryptophane, —33.2° in H,0. 
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while cystine was determined by Okuda’s (3) method. In all 
other cases, the amount of solute was determined by drying a 
weighed sample of the solution. The solubilities of methionine, 
serine, and taurine were determined over a temperature range of 
0-62°, and the other compounds over the range of 0-65°. The 
solubility of taurine was determined at ten, tryptophane at eight, 
and the other compounds at nine different temperatures. The 
following number of determinations was made: asparagine 26, 
cystine 20, isoleucine 18, methionine 36, phenylalanine 26, serine 
32, taurine 34, tryptophane 18. 

The solubility equations are given in Table I. These equations 
were used to calculate the solubility data, at 5° intervals, which 
are given in Table II. The density data at 25°, together with the 
values for the partial molal volumes of the solute, #2, and, when 
possible, the values calculated for this quantity from Traube’s 
atomic volumes (4), are given in Table III. The value for the 
partial molal volume of the solvent 5, was 18.069 in each instance. 
The coefficients of the equations used to calculate values for AH, 
the values for this quantity, and, when possible, the observed 
calorimetric values are found in Table IV. Since the activity 
coefficient of none of the compounds studied has been determined, 
the calculated values are to be regarded as only approximate. 


DISCUSSION 


l-Asparagine- Hz0—Three solubility studies are reported in the 
literature. Those of Guareschi (5) and of Bressler (6) agree within 
a few per cent of the present data. The data cited by Cook (7) are, 
however, irrationally low, being in the neighborhood of 15 per cent 
of the present values. 

l-Cystine—The solubility values for /-cystine reported in the 
literature are quite variable. Neuberg and Mayer (8), Sano (9), 
Morner (10), Blix (11), and du Vigneaud (12) report values that 
agree well with the present work. However, values reported 
by Pfeiffer and Angern (13), Toennies and Lavine (14), Andrews 
and de Beer (15), and Hoffman and Gortner (16) deviate between 
20 and 80 per cent from the present data. 

3 The solubility value for l-cystine found by E. J. Cohn is 0.109 gm. 


per liter of water at 25°. This is essentially the same as found in the 
present studies. (Personal communication.) 
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As is well known (8), /-cystine is racemized when heated in the 
presence of strong acid. It is not surprising then that cystine 
prepared from hair or wool by hydrolysis with strong HCl is con- 
taminated with inactive isomers. Unless particular care is taken 


TaBLeE II 


Table of Calculated Solubilities of Certain Amino Acids and Related Com- 
pounds in Water* 





l-Aspara- d-Iso- |dl-Meth- |/-Pheny]- di-Gerine | Tourine l-Tryp- 





t gine: H:0 l-Cystine leucine | ionine | alanine tophane 
°C. 
0 8.49 0.0502 | 37.91 | 18.18 | 19.83 | 22.04| 39.31 | 8.23 
5 11.05 0.0587 | 38.30 | 20.64 | 21.50 26.20 48.78 8.72 
10 14.29 0.0686 | 38.83 | 23.40 | 23.29 31.03 59.92 9.27 
15 18.38 0.0802 | 39.47 | 26.50 | 25.24 36.58 72.91 9.88 
20 23.51 0.0938 | 40.25 | 29.95 | 27.35 42.95 87.84 | 10.57 
25 29.89 0.1096 | 41.17 | 33.81 | 29.65 50.23 | 104.8 11.36 
37.79 0.1281 | 42.23 | 38.12 | 32.13 58.52 | 123.8 12.23 
47.50 0.1498 | 43.45 | 42.90 | 34.82 67.87 | 144.9 13.23 


37.73 | 78.42 | 167.8 | 14.35 
40.89 | 90.24 | 192.6 | 15.62 
44.31 | 103.4 | 218.8 | 17.06 
48.02 | 118.0 | 246.2 | 18.70 
136.8 0.3272 | 52.40 52.04 | 134.1 | 274.2 | 20.57 
166.2 0.3826 | 54.88 56.40 | 151.8 | 302.6 | 22.70 
70 200.6 0.4472 | 57.65 | 94.52 | 61.11 | 171.1 | 330.5 | 25.14 
75 240.9 0.5229 | 60.76 |105.2 | 66.24 | 192.1 | 357.6 | 27.95 
100 551.7 1.142 | 82.55 |176.0 | 99.00 | 322.4 | 457.6 | 49.87 


“2 65.1 | 22.8 2.18| 9.68] 5.00| 14.63] 11.68] 6.07 
0 

* These values were calculated on the basis of the equations given in 
Table I. The term Sioo/So is the ratio of the solubility at 100° to the 
solubility at 0°. All values are in terms of gm. per 1000 gm. of water. 
The values above 70° are probably less accurate than those below, owing 
to the fact that no solubility estimations were carried out above 70°. 


59.37 | 0.1751 | 44.83 
73.77 | 0.2048 | 46.41 
91.18 | 0.2394 | 48.18 
112.0 0.2799 | 50.17 
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in the purification of the sample, the solubility values obtained 
will approximate a summation of the solubilities of /-, dl-, and 
mesocystine. 

The cystine used in the present work was prepared from a cyst- 
ine stone, care being taken that the preparation should not be in 
contact with acid any longer than was absolutely necessary. The 
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preparation was then twice crystallized from hot water. Of this 
product, 10 mg. were placed in 60 ml. of boiled distilled water and 
the solubility was determined. Likewise, a value was obtained 


TaBLeE III 


Density of Aqueous Solutions of Certain Amino Acids and Related Com- 
pounds* at 25° and Partial Molal Volumes of Solute 











d-Isoleucine dl-Methionine 
Composi- | Concen- <a d Compo- | Concen- 1. d 
tion tration sition tration 
per cent per cent 


4.341 | 45.38 | 0.3461 | 1.00579 | 3.337 | 34.51 | 0.2314 | 1.00678 

3.328 34.42 | 0.2625 | 1.00374 | 2.892 | 29.78 0.1997 | 1.00547 

2.259 23.12 | 0.1763 | 1.00152 | 1.912 | 19.49 0.1307 | 1.00258 

1.289 13.06 | 0.0997 | 0.99953 | 0.971 9.81 0.0658 | 0.99987 
(82 = 105.5; Traube, 107.1) (d. = 106.4; Traube, 106.5) 























dl-Serine l-Asparagine: H:O 





4.731 | 49.66 | 0.4727 | 1.01708 | 2.694 | 27.68 oe ae 





3.776 | 39.24 | 0.3735 | 1.01299 | 1.370 | 13.90 | 0.0926 | 1.00193 
2.892 | 29.78 | 0.2835 | 1.00915 (5, = 97.0) 

2.030 | 20.71 | 0.1971 | 1.00552 

1.147 | 11.60 | 0.1104 | 1.00184 Taurine 





mo Oe cae, Sn 9.827 | 1.0898! 0.8709 | 1.04078 
l-Phenylalanine 8.467 0.9247; 0.7390 | 1.03418 
7.149 | 0.7699] 0.6153 | 1.02827 











2.877 | 29.62 | 0.1794 | 1.00350 | 6.121 0.6520) 0.5211 | 1.02366 
1.477 | 14.99 | 0.0908 | 1.00035 | 4.938 | 0.5195) 0.4151 | 1.01843 
° (6. = 128.7) 3.996 | 0.4162) 0.3326 | 1.01425 


3.010 | 0.3103) 0.2480 | 1.00995 
2.005 | 0.2046) 0.1635 | 1.00556 
1.097 | 0.1108) 0.0886 | 1.00173 

















* The concentration is given as gm. per 1000 gm. of water, m is given 
as moles per 1000 gm. of water, and d is the absolute density. 

¢ Cohn, E. J., McMeekin, T. L., Edsall, J. T., and Blanchard, M. H., 
J. Am. Chem. Soc., 56, 784 (1934) report 60.8 for the observed apparent 
molal volume of serine. 


with 100 mg. of cystine in the same volume of water. As the 
results agreed within 3 per cent, the material was considered 
sufficiently pure for further studies. Solubility is a much more 
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rigorous test for high degree of purity than the optical rotatory 
power. 

d-Isoleucine—The solubility value previously reported by Ehr- 
lich (17) agrees to within 3 per cent of that which was interpolated 
from the present data. 

By comparing the solubilities as summarized in Table II with 
the corresponding values for dl-isoleucine given in the previous 
paper (1), it will be noted that the optically active isomer is more 
soluble than the inactive. This, together with the fact that the 
slope of the solubility curve is less in the case of the active material, 
should indicate, according to the principles outlined by Meyer- 
hoffer (18), that dl-isoleucine is a racemic compound. 


TaBLe IV 


Calculated and Observed Differential Heats of Solution at 25°, Together with 
Coefficients Used in the Calculations 


AH = RT? (a + 10~* bT). 























Compound ° b colonised alsa 
calories calories 
l-Asparagine-H,0............. 0.11786 | —2.3684 8350 8000 
errr 0 5500 
d-Isoleucine................... —0.03020 1.173 843 
dl-Methionine.................| 0.04111 | —0.5741 4240 4100 
l-Phenylalanine............... 0.016012) 0 2830 
CS £24 ch Uidins deed 0.08134 | —1.701 5410 5050 
ES Ppa cae ee ae 0.1534 | —4.014 5950 5700 
-Tryptophane................ 0.04869 1.3758 1360 














* Zittle, C. A., and Schmidt, C. L. A., J. Biol. Chem., 108, 161 (1935). 


dl-Methionine—As far as could be ascertained, no previous 
values on the solubility of dl-methionine in water have been re- 
ported. 

l-Phenylalanine—The solubility value for l-phenylalanine re- 
ported by Fischer and Schoeller (19) at 25° is in good agreement 
with the present data. 

By comparing the solubility values for l-phenylalanine in Table 
II with the corresponding values found previously for dl-phenyl- 
alanine (1), it will be noted that the optically active isomer is more 
soluble than the inactive form. According to Meyerhoffer (18), 
this should indicate that dl-phenylalanine is a racemic compound, 
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although the close similarity of the slopes of the solubility curves 
may cast some doubt on this conclusion. 

dl-Serine—The one previously reported value for the solubility 
of dl-serine in water by Fischer and Leuchs (20) agrees very closely 
with the present data. The material used in the present studies 
was kindly supplied by Dr. M. S. Dunn.‘ 

Taurine—Previous solubility data for taurine are limited to a 
single determination reported by Gmelin (21). The agreement is 
within 1 per cent of the value interpolated from the present work. 

l-Tryptophane—With the exception of the single determination 
given by Pfeiffer and Angern (13), no definite values concerning 
the solubility of /-tryptophane in water are reported in the litera- 
ture. Interpolation of the present data indicates that this value 
is approximately 20 per cent high. 

The material used in the present work was generously supplied 
by the Pfanstiehl Chemical Company.’ It was recrystallized 
several times from water in an atmosphere of nitrogen to eliminate 
the darkening that usually takes place as a result of oxidation. 
For the solubility estimations, freshly boiled distilled water was 
used as the solvent and the air in the solubility tubes was swept 
out with a stream of nitrogen. Identical solubility values obtained 
by using either a small or a large excess of solid phase indicated 
that the material was pure and that the technique employed was 
satisfactory. 


SUMMARY 


1. The solubilities of the following compounds have been deter- 
mined over various given temperature ranges: /-asparagine- H,O, 
l-cystine, d-isoleucine, dl-methionine, /-phenylalanine, dl-serine, 
taurine, and I-tryptophane. 

2. Equations have been devised for each compound to express 
the solubility as a function of temperature. The values calculated 
from these expressions usually deviate from the observed values 
less than 1.5 per cent. 

3. The heats of solution of the compounds mentioned above were 


‘ The writers desire to express to Dr. M. S. Dunn their appreciation for 


the supply of dl-serine. 
5 The writers desire to express to the Pfanstiehl Chemical Company 


their appreciation for the supply of l-tryptophane. 
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calculated and in some instances were compared with direct calori- 
metric measurements. 

4. The molecular volumes of certain of the compounds given 
above have been calculated from Traube’s empirical atomic 
volumes. A comparison of the values so obtained with those 
found by the estimation of the partial molal volumes from the 
density measurements has been made. 

5. On the basis of Meyerhoffer’s criteria, it is concluded that dl- 
isoleucine and dl-phenylalanine are probably racemic compounds. 

6. A table giving the solubilities of the compounds named above 
at 5° intervals from 0—75° and at 100° has been included (Table II). 
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The metabolic nitrogen of the feces includes the nitrogen origi- 
nating from a variety of sources, such as epithelial cells, bacteria, 
mucus, and the residues from the bile and digestive juices. A 
liberal interpretation of the term might even include, under ab- 
normal conditions, substances such as pus and blood. That the 
metabolic nitrogen actually exists has been amply demonstrated 
by Rubner ((1) p. 198) and others (2-5) by the use of nitrogen-free 
diets. Various means have been devised to separate the food 
residue nitrogen from the metabolic nitrogen in the feces in at- 
tempts to estimate the true digestibility of dietary protein. Sev- 
eral chemical methods (6-8) for distinguishing the quantities of 
nitrogen from these two general sources are based upon assump- 
tions concerning the solubility of part of the fecal nitrogen in 
various reagents for which no adequate support may be found. 

In his method of determining the biological values of proteins, 
Thomas (3) used three formulas in the computation of biological 
values, involving three different assumptions concerning the 
amount of metabolic nitrogen in the feces. In his first formula 
he considered that none of the nitrogen in the feces was metabolic 
nitrogen; in the second, he considered all of the nitrogen in the 
feces to be metabolic nitrogen; and in his third formula he esti- 
mated the metabolic nitrogen at a constant average value, de- 
termined by feeding a nitrogen-free diet. Martin and Robison 
(4) took this latter view-point, although they realized that the 
amount of indigestible matter consumed increased the excretion 
of metabolic nitrogen. Also, Boas Fixsen and Jackson (9) state, 
“ . . in our work, the same rat has shown an excretion of fecal 


* National Research Council Fellow in the Biological Sciences, 1931-33. 
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nitrogen which is roughly constant in amount, in spite of large 
variations in the food intake.’”’ The author (10) has presented 
evidence to the contrary elsewhere. 

The work of F. Voit (11), who was able to show with the dog 
that there is a nitrogenous deposit in a separated loop of intestine, 
proportional to fecai nitrogen excretion, implies a verifieation of 
only a constant fraction of metabolic fecal nitrogen, although his 
work may also be interpreted as indicating the possibility of a 
fraction related to the amount of food consumed. Likewise, the 
fasting experiments with dogs carried out by Miiller (12) and C. 
Voit (13) lead to the conclusion that there is a constant excretion 
of metabolic nitrogen, although their data are extremely variable, 
because under conditions of fasting the excretion of feces is very 
irregular. Nevertheless, it is highly significant that even with 
these irregularities a relationship may be distinguished between 
the quantity of fecal nitrogen during fast and the body weight of 
the dogs. On the contrary Paton and Stockman (14) and Bene- 
dict (15) report controlled human fasts of 30 and 31 days in length 
in which no feces were excreted. Mendel and Fine (16) and Bene- 
dict agree that because of diminished peristalsis, ‘Fasting feces 
are in great part derived from retained fecal matter, resulting 
from food immediately preceding the period of inanition.’’ Cer- 
tainly these longer fasts are more valid than those of shorter dura- 
tion in deciding this point, and the conclusions of Benedict and of 
Mendel and Fine appear to be justified. However, it must be 
recognized that there may be a species difference in this respect, 
and that genuine fasting feces may actually occur in dog experi- 
ments and not appear in human fasts. 

The work of Mitchell (5, 17) shows that the total metabolic 
nitrogen in the feces of rats is fairly proportional to the food in- 
take. He computes the mg. of nitrogen in the feces excreted per 
gm. of dry matter consumed with a nitrogen-free diet, and then 
multiplies this value by the gm. of an experimental diet eaten, in 
order to estimate the metabolic nitrogen in the feces of the latter. 
However, he finds (17) a slight relationship between the amount of 
metabolic nitrogen per unit of weight of nitrogen-free diet and the 
body weights of rats. He also observed that if the amounts of 
food consumed are small compared to the energy requirement of 
the rat, abnormally large values are obtained for the ratio of 
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metabolic fecal nitrogen to the dry matter consumed, a fact that 
is indicative of the existence of a constant fraction of the met- 
abolic fecal nitrogen. Thus, Mitchell’s results are in agreement 
with the hypothesis that the metabolic nitrogen, in rats at least, is 
the resultant of two distinct body functions, and on this basis may 
be subdivided into two fractions: (a) a true excretory fraction 
that continues at a constant level, even during fast, and that may 
be related to the basal nitrogen metabolism of the body, and (b) 
a digestive fraction that is secreted as a result of the ingestion of 
food and in amounts proportional to the dry matter consumed. 

If the metabolic nitrogen were all proportional to food intake, 
the relationship might be shown by Chart 1-A in which 


y = bz (1) 


y being the metabolic nitrogen, x the dry matter consumed, and 
b the slope constant. However, Chart 1-B illustrates the rela- 
tionship between the metabolic nitrogen and the food intake on 
the basis of the hypothesis stated above. The relationship be- 
tween metabolic nitrogen and food intake is in this case expressed 
by the equation 


y=a+t+ be (2) 


the constant a being the y intercept, representing the constant 
fraction of the metabolic nitrogen. Line ac in Chart 1-B repre- 
sents what might be expected if there were only the constant frac- 
tion of the metabolic nitrogen. 

The metabolic nitrogen per unit of dry matter consumed (1/k) 
at different levels of food intake, as illustrated by Chart 1-A, 
could be expressed as follows: 


1/k = 1'/k’ = 1"/k"’.. . ete. 


The same relationship with regard to Chart 1-B would be ex- 
pressed thus: 
L/k < 1'/k’ < 1° /b" . . . ote. 


E. Voit (18) attempted to coordinate food intake, expressed as 
a percentage of the energy requirements of the subject, and fecal 
nitrogen, expressed in mg. per sq. m. of body surface, of different 
individuals, and arrived at a graph similar to Chart 1-B. He 
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labeled line ac the Hungerwert. Strangely enough, however, he 
expresses the relationship between metabolic nitrogen and food 
intake by an equation like Equation 1, such as is described only in 
Chart 1-A in which the y intercept is 0, although in all of his figures 
it appears that the y intercept is a significant positive value. 
Some of the data of Miiller (12) and Rieder (19) with dogs, which 
Voit expresses per sq. m. of body surface in order to group several 
animals together, have enough values per individual to fit a very 
good linear regression from (and including) the fasting value 
through the data for the various levels of food intake. These 
experiments verify in their entirety the postulate of a dual origin 
of the metabolic fecal nitrogen. Voit, however, expressed the food 
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Cuart 1. Possible relationships of metabolic nitrogen to food intake 


intake as a percentage of the energy requirements of the animals. 
On this basis he obtained seemingly much less influence of fat 
than of the protein and carbohydrate on the metabolic fecal 
nitrogen. If the intakes of these nutrients were expressed in 
terms of dry matter, as has been done in this laboratory, instead 
of their calorific value, the effect of fat on the metabolic nitrogen 
would much more nearly approximate that of the other nutrients. 
Mitchell (20) has lately obtained definite evidence that fats and 
carbohydrates in the diet affect the metabolic nitrogen in the feces 
of rats in proportion to their dry weight, not their caloric content. 

The work of Titus (21) with steers is interesting because of the 
use made of extrapolation. The nitrogen content of the feed was 
varied (by successive substitutions of nitrogen-free paper pulp for 
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equivalent amounts of alfalfa hay), a constant intake of food dry 
matter being maintained, the data being plotted with food nitro- 


_gen as abscissas and fecal nitrogen as ordinates. He shows that 


under these conditions “a linear relationship exists between the 
nitrogen content of the feces of a steer (when corrected to a uni- 
form water content) and the nitrogen content of its feed...” 
It would follow therefore on the basis of this linear relationship 
that the y intercept (from data corrected as stipulated) would 
represent the metabolic nitrogen for that level of food intake. 
Because this estimate does not agree with another computed from 
another formula based on other assumptions, does not discount, 
much less disqualify, the significance of the y intercept value. If 
the linearity holds (as concluded above), the y intercept which 
represents a nitrogen-free ration, holds also, and it appears that 
these data favor rather than disqualify (as Titus concludes) nitro- 
gen-free rations as a means of determining metabolic-nitrogen. 

It was the purpose of the experiments to be described below to 
study, with different species of animals, the factors determining 
the amount of metabolic nitrogen excreted in the feces, and to 
test the validity of the method of estimating this amount in de- 
terminations of the biological value of protein, from the excretion 
of fecal nitrogen on a nitrogen-free diet, or its equivalent. 

Rat Experiments—As the constant portion of the metabolic 
nitrogen has been found to be difficult to measure directly during 
fasting, because of the irregularities of excretion (12, 13, 19), it 
was proposed first of all to study the variation in the fecal nitro- 
gen excretion when the intake of a nitrogen-free diet was varied 
in ten to twenty steps from just above fasting (less than 0.5 gm. 
of dry matter per day) to maximum consumption (varying with 
the size and appetite of the rat). If these values are plotted, 
with the gm. of dry food intake as abscissas and the mg. of met- 
abolic nitrogen as ordinates, the y intercept of a straight line fitted 
by the method of least squares would represent the constant por- 
tion of the metabolic nitrogen, if such exists. The validity of 
this indirect method of estimating this fraction of the metabolic 
nitrogen would depend upon the existence of a rectilinear relation- 
ship between total metabolic nitrogen and dry matter intake. 
Six adult male rats were used in the first series of experiments. 

In a second series of experiments, involving forty-five rats rang- 
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ing in weight from 28 to 444 gm., it was planned to establish 
the slope and position of the line defining the relation between 
metabolic fecal nitrogen and intake of dry matter, but with only 
two determinations per rat. Should the y intercepts of these 
lines be significant positive values, and be proportional to body 
size, total body nitrogen, and endogenous urinary nitrogen, this 
would constitute evidence that the y intercept was related to 
basal nitrogen metabolism. 

This plan of procedure required a technique for sharply divid- 
ing the feces of one level of feeding from those of the previous and 
following levels. This necessitated some investigation to deter- 
mine the best substances which might be used to demarcate the 
feces of one period from those of another. It was considered de- 
sirable to have two feces markers of different colors, but very 
similar in physical and chemical properties. For the purposes of 
this study, a good feces marker must (1) distinctly mark the feces 
resulting from the food with which the marker was fed; (2) be 
insoluble (hence have less tendency to diffuse through the chyme 
causing a blending rather than a sharp demarcation, and not be 
absorbed by the intestines); (3) have no toxic, laxative, costive, 
or other physiological effect on the subject; (4) not contain or re- 
act with the element or elements under investigation (in this case 
nitrogen, and for this reason bismuth subnitrate, for instance, was 
not tried). 

Lampblack, carmine, barium sulfate, copper sulfate, bismuth 
subcarbonate, and purple, green, and yellow cellophane, all of 
which color feces more or less, were tried and were eliminated one 
by one, because they did not satisfy the above criteria. A search 
of the literature did not reveal any other materials suitable for 
marking rat feces. The two substances which were eventually 
tried and which proved the most successful were chromic oxide 
and ferric oxide, (Fe203), which colored the feces a bright green 
and red, respectively. These are both used as paint pigments 
and have marked coloring effects. Further, they are substances 
of very similar chemical properties, both being almost completely 
insoluble and neither appearing to have a physiological effect 
on rats. 

The method used was to include either ferric oxide or chromic 
oxide at a 2 per cent level (or 3 per cent at very low planes of food 
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intake) in the first feeding of each period. In all subsequent 
feedings of the period, barium sulfate was substituted for the 
coloring material. This substance, also of very low solubility, 
rendered more exact the separation of the red or green feces. To 
test the equivalence of the two metallic oxides as feces markers, 
they were used alternately in a series of four 2 day periods on 
eight rats with the food intake the same throughout; no significant 
differences could be detected in the metabolic nitrogen excreted, 
or in the digestibility of the dry matter of the diet, the feces being 
related to the food intake solely by their color. 

_ The metabolism cages were the glass crystallizing dishes de- 
scribed by Mitchell (5), the rat being suspended 2 inches above 
the bottom of the dish on } inch mesh wire hung by hooks from 
the edge of the dish. The top of the dish was covered by an in- 
verted 8 inch glass funnel, ventilation being supplied by a suction 
pump attached to the stem of the funnel. A small Erlenmeyer 
flask with a drinking tube fused to the bottom was suspended in- 
side the funnel and served as a container for distilled water for the 
rat. Food was given in a small porcelain cup having a flange in- 
side to restrict wastage. 

There are several factors which may cause irregularities in the 
amount of fecal nitrogen observed, such as (1) the ingestion of hair, 
(2) coprophagy, (3) the collection of semen with the feces, and (4) 
the contamination of feces by urine. Several modifications of the 
apparatus and procedure were designed in order to eliminate these 
sources of error. 

The ingestion of hair may be incidental to the cleaning process, 
as the white rat cleans itself thoroughly each day. There is, 
however, reason to believe, from the quantities of hair observed 
in the feces, that the amount of hair consumed increases as the 
amount of food is restricted. In either case, the hair excreted in 
the feces would tend to raise the y intercept value a. The hair 
was removed by finely grinding and sifting the feces. However, 
even though the nitrogen of the hair itself was thus eliminated, 
the passage of hair through the alimentary tract would tend to 
increase the metabolic nitrogen. Since a part of the metabolic 
nitrogen seems to be proportional to the dry matter intake, the 
dry matter of the hair consumed, as well as that of the food, 
would promote its excretion. In order to check this factor an 
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attempt was made to use a strain of hairless rats' (22); but these, 
being a mutation from wild rats, were very vicious and unco- 
operative. Only two survived the experiment. The final method 
adopted in reducing this factor to a minimum was to clip haired 
rats of the regular stock colony. 

The consumption of feces is commonly supposed to be due to 
lack of some factor or to low caloric intake. It is logical then to 
believe that the amount of feces eaten would increase with a de- 
ficiency in food intake, and this was found to be true in limited 
observations on rats receiving variable amounts of food. Al- 
though the rat may not benefit in receiving an appreciable amount 
of nutrients from the feces eaten, certainly a perceptible quantity 
of metabolic nitrogen would be added when the same dry matter 
passes through the gastrointestinal tract the second time. Fur- 
thermore, since coprophagy increases as the food intake decreases, 
this fact alone would increase the metabolic nitrogen more at 
lower levels of feeding, thus giving a false estimate of the constant 
factor in the metabolic nitrogen. The fact that the rats were 
kept on } inch mesh wire 2 inches above the floor of the cage did 
not prevent coprophagy. They were observed to take feces in 
their fore paws immediately on excretion. To prevent access to 
the anus and completely eliminate coprophagy, the rats were 
confined in narrow, arched wire tubes at all times except when 
they were under observation and when food was before them. 

Under the conditions of these experiments masses of mucus-like 
material were found in the bottom of the metabolism dishes almost 
daily. It was evident from the position of this material below the 
body of the rat that it did not come from the nostrils or mouth. 
It was a question then whether to allot it to the feces or urine. 
At times the dry substance resembled feces in both form and color, 
but could be distinguished on close examination by its slightly 
translucent appearance. This discharge was not observed with 
rats less than 8 weeks of age or under 100 gm. in weight. In 5 
day periods with ten male rats weighing from 118 to 300 gm., 
averages for the different animals ranged from 4 to 27 mg. of the 
dried substance per rat daily. The quantity of nitrogen averaged 


1 The author desires to express his indebtedness to Dr. E. Roberts, 
Genetics Laboratory, University of Illinois, for furnishing these hairless 


rats. 
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from less than 1 to more than 4 mg. per day. The average nitro- 
gen content of the dried material was 16.44 + 0.76 per cent. If 
this is expressed as conventional protein (N X 6.25), it appears 
that the substance in question is pure protein. 

To seek a further solution to the problem, rats were then rigidly 
confined over a washboard-like platform with deep cross fissures 
placed so that the fissures were at right angles to the body of the 
rat. Thus, the urine and feces fell into separate compartments. 
The mucus-like substance was found always in the fissure con- 
taining the urine. It was clear that this material came from the 
penis, and it was strongly suspected of being a seminal discharge. 
As no female rats were near by, it was difficult to believe that 
this could be the vaginal plug left by the male in copulation. 
Nevertheless, after a vigil of many hours a rat was discovered in 
the act of ejaculation. A microscopic examination revealed 
spermatozoa. Thereafter, great care was taken that dried, dis- 
colored semen, which appeared like feces, was not included with 
the fecal collections. 

If feces are left below the rat for several hours, contamination 
by urine may be an important uncontrolled factor, especially 
where one is dealing with small amounts of fecal nitrogen as in 
many of the periods of this experiment. It might be reasoned 
that the probability of urine contamination is a constant factor, 
but as the food intake is decreased the proportion of urine to feces 
is increased. Further, the amount of nitrogen in the urine in- 
creases at levels of food (N-free) intake below the energy require- 
ments of the animal. Thus, if the feces are left exposed to con- 
tamination with urine, the metabolic nitrogen may appear higher 
on low food consumption than can be attributed to physiological 
causes. Therefore, when thie rats were confined in wire tubes to 
prevent coprophagy, they were supported above (and parallel to) 
a length of glass tubing 55 mm. in diameter and 185 mm. long. 
This tubing rested in a shallow tin dish of the same length but of 
slightly less width, and involved the same principle as that used 
by Ackroyd and Hopkins (23), except that the apparatus was 
cylindrical instead of spherical. The feces were deflected to one 
side by the tubing, while the urine was caught by the tin dish. 
Little if any feces were excreted during the few hours of the day 
while food was before the rat and it had freedom of movement, 
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It was judged that the probability of contamination of feces by 
urine during that time was extremely low. 

Because of the extreme (often unphysiological) quantities of 
food ingested, particularly on the low levels of feeding, it was 
thought desirable to have as short experimental periods as pos- 
sible consistent with accurate determinations of the metabolic ni- 
trogen excreted. One and two feedings per day in 1, 2, and 2 
day periods were studied, but for the first series of experiments a 
plan involving one feeding a day in 2 day periods was finally 
chosen. Accuracy was possible in such short periods because of 
the sharp demarcation of the feces by the markers used. In the 
second series of experiments, in which only two periods were used 
to determine the food intake-metabolic nitrogen relationship, the 
periods were 5 days in length, except with the younger rats, with 
which it was necessary on the low plane of intake to shorten the 
periods to 3 days. A 3 day intermission was allowed between the 
low and the high intake periods. The urine collections to de- 
termine the endogenous nitrogen excretion were all of 7 days dura- 
tion, extending 2 days beyond the periods during which the feces 
were collected. The wire tubes to prevent coprophagy were not 
found to be necessary during the period when the rat received 
sufficient food. The feces during these periods were washed with 
hot, acidified, distilled water to remove any contamination by 
urine, and the washings were included with the urine. All samples 
of feces were preserved with sulfuric acid except in the experiments 
with the first six rats in which the feces were dried to determine 
the fecal dry matter. The feces of an entire period were analyzed 
for nitrogen by a modification of the Kjeldahl method. Duplicate . 
or triplicate samples were run in all cases except when the quantity 
of feces was too small. Weekly urine collections were made up to 
uniform volume, and aliquot samples taken for analysis. 

The diets used in these experiments are shown in Table I. 
The dry matter of Diet 5 is approximately 60 per cent digestible, 
hence 40 per cent appears in the feces. Such a diet was found to 
be most advantageous for very low levels of feeding, as with the 
first six rats studied, since it permitted the excretion of consider- 
able amounts of feces even when the food intake was considerably 
less than 1 gm. of dry matter (Chart 2) per day. Diet 20 was 
used in the second series of experiments wherein the rats were fed 
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at only two planes of food intake. It will be noticed that there is 
included in the diets 5.02 per cent dried extracted egg, which is 
sufficient to furnish 4 per cent protein in the diet. It has been 
found in this laboratory (24) that egg protein is almost 100 per 
cent digestible when included in a diet at low levels. As it aids 
greatly in maintaining the animal during the experiment, it has 
been included in diets which are otherwise essentially nitrogen- 
free. The Cellu Flour in the diets is a commercial product that 
contains about 38 per cent of crude fiber, manufactured by a 
Chicago firm. 








TABLE I 
Composition of Diets Used in Rat Experiments 

Diet 5 Diet 20 

per cent per emt 

PR acs ei wchanadds bape shseeseneanel 5.02 5.02 
Osborne and Mendel salts*................. 4.00 4.00 
EF ui gta See Con ere gem rare tare bre 1.00 1.00 
ee eee ee 10.00 10.00 
EE EEO er AL Cree e err 34.00 18.00 
eat aah, SE ees ae Seer 18.98 39.98 
Bairee, Clie, OF FID. «5 ccc ccdesccscecees 2.00 (or 3.00f) 2.00 
PE binecdeweeeecuabarsenied fs s5 dames 10.00 10.00 
ATE ois 24055 cys Liles ceeds heack ae ekowetel 13.00 8.00 
ne a ne eee 2.00 2.00 











* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 557 (1919). 
+ 3 per cent coloring substance was included in the diet in a few cases as 
noted in the text. 


Discussion of Rat Experiments—The lowest average daily food 
intake for which the metabolic nitrogen was measured for any one 
rat was 0.28 gm. of dry matter. In the first series of experiments 
the highest food intake observed was 11.55 gm. of dry matter per 
day, but the second series of experiments included much larger 
individuals, and maximum food intakes of over 20 gm. were 
obtained. 

The linearity of the data obtained in the first series of experiments 
is clearly illustrated by Chart 2. The correlation coefficients 
of 0.984+0.0064, 0.971+0.0088, 0.993+0.0029, 0.964+0.011, 
0.937+0.019, and 0.924+0.023 for metabolic nitrogen and dry 
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Cuart 2. The relationship of metabolic nitrogen to food intake in rats. 


r indicates the correlation coefficients. 
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matter intake for the six rats together with the lack of any con- 
sistent trend other than linear in the data indicate that the rela- 
tion is linear. While it is mathematically possible for the line 
fitted to these data to depart from linearity beyond the limits 
which have been investigated experimentally, such departure 
from linearity is extremely improbable within the limited distance 
between the lowest plane of food intake and complete fasting. 
Pendleton and West (25) in their work on the passage of urea be- 
tween the blood and the lumen of the small intestine believe that 
the mucosa may act as a simple semipermeable membrane. It 
might be deduced from their conclusions that as the nitrogen re- 
serves of the body are decreased the amount of urea (and perhaps 
other nitrogenous substances) passing into the intestinal tract 
would diminish and hence decrease the metabolic nitrogen. On 
the contrary, if the metabolic nitrogen of the feces were like the 
endogenous nitrogen of the urine in this respect, an increase in 
excretion might be noted when the energy requirements of the 
animal were no longer met. It would be expected, however, that 
this change would be initiated at or near the point of calorific 
maintenance; but the line continues perfectly straight through 
this point, and there is no reason to believe that it would waver at 
a point less than 0.5 gm. of dry matter consumed. It seems clear, 
therefore, that the metabolic nitrogen may be considered a linear 
function of the dry matter intake. 

The apparent lack of connection between energy metabolism 
and the fraction of the metabolic nitrogen proportional to food 
intake serves further to disqualify the method employed by Voit 
(18) of relating metabolic nitrogen to the energy intake expressed 
as a percentage of the energy requirements of the animal. The 
fact that no change in the slope of the regression line appears at 
maintenance, identifies the variable fraction of the metabolic 
nitrogen more closely with the digestive processes and hence with 
food dry matter rather than with food energy. Mitchell’s (20) 
recent more direct study of this question has led him to the same 
conclusion. 

It is also clear from Chart 2 that with rats the line describing 
the relationship between dry matter consumed and metabolic fecal 
nitrogen excreted has a positive y intercept, indicating that during 
a fast fecal nitrogen is still excreted, and that presumably the 
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fasting excretion continues at a constant rate during periods of 
feeding. Admittedly the latter indication is merely a reasonable 
presumption, analogous for example to the presumption that the 
basal energy metabolism continues unchanged in magnitude dur- 
ing periods of muscular activity or of the ingestion of food. 
Having established the existence of two fractions of the met- 
abolic nitrogen, one varying directly with the food intake and the 
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Cuart 3. The relationship of the constant fraction of the metabolic 
nitrogen per day to body weight in rats. 


other a constant, it was considered important to determine 
whether the latter fraction were related to body size or to the magni- 
tude of the endogenous nitrogen metabolism. The second series 
of experiments was therefore undertaken. Male rats ranging 
from 25 gm. to 444 gm. in weight were used for this purpose. 
From the data secured, consisting of two determinations for each 
rat, the y intercept values were computed by the method of least 
squares. 
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Charts 3 and 4 illustrate the relation between the constant frac- 
tion of the metabolic nitrogen (the y intercept or value a) and body 
weight, and between the same fraction and endogenous nitrogen 
respectively. The level part of the curve in Chart 3 (and also in 
Chart 4) relates to rats of 200 to 300 gm. in weight, which is the 
upper limit of body weight without excessive fatness for rats from 
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Cuart 4. The relationship of the constant fraction of the metabolic 
nitrogen to the endogenous nitrogen of the urine per day in rats. 


the colony at this laboratory. With two exceptions, those ani- 

mals weighing in excess of 300 gm. came from other laboratories.’ 
The few widely divergent values in Charts 3 and 4, caused by 

irregularities in the y intercept values, should not destroy the sig- 


2 The author is indebted to Dr. Julia Outhouse, Department of Home 
Economics, University ‘of Illinois, and Dr. A. H. Smith and Mr. W. E. 
Anderson, Laboratory of Physiological Chemistry, Yale University, for 
kindly supplying these larger animals. 
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nificance of the greater part of the data. One value was so high 
that it was not included in the charts. Such infrequent aberrant 
cases might be caused by blood or pus in the feces, and the author 
is inclined to believe that such a pathological condition must have 
existed with three or four of the rats having the most extreme 
values. The lowest divergent values occurred with those rats 
which had been longest continued on nitrogen-low diets. Such a 
phenomenon is observed with endogenous nitrogen determina- 
tions when nitrogen-free (or nitrogen-low) feeding is extended for 
long periods of time (26). 

Since there is a close relation between the constant fraction of 
the metabolic fecal nitrogen and the endogenous nitrogen of the 
urine, it is suggested that this fraction of the fecal nitrogen be 
called the “endogenous nitrogen of the feces.’”” As the endogenous 
nitrogen of the urine is an index of basal nitrogen metabolism, this 
constant fraction of the fecal nitrogen may also be related to the 
same phenomena, although not in the same way, since it is not 
affected by an inadequate energy intake. 

The ratio of the constant fraction of the metabolic fecal nitrogen 
to the endogenous nitrogen of the urine varied from 1/16 to 1/3, 
the average being about 1/6. No simple correlation could be 
noted between this ratio and the size of the rat, although the data 
appeared to follow a fairly well defined pattern. The metabolic 
nitrogen fraction was relatively the smallest (1/12) with the 
youngest rats (less than 40 gm.), rising rapidly to about 1/4 with 
rats weighing 75 gm., then decreasing slowly to 1/8 or 1/9 with 
rats weighing from 250 to 300 gm., and increasing with rats over 
400 gm., thus describing an S-curve as a function of body weight. 
No explanation for these variations is offered, and no assurance 
in their significance, except for the lightest animals, can be felt. 

The chart showing the constant fraction of the metabolic fecal 
nitrogen as a function of the total body nitrogen has not been in- 
cluded in this report, as it is an almost exact duplication of Chart 
3. This is not surprising, however, as a correlation coefficient 
of 0.993+0.00087 between body nitrogen and body weight was 
computed from nitrogen determinations or. 129 rats weighing from 
27 to 441 gm., taken from unpublished and published (27) data 
from this and one other laboratory. Another chart not included 
is one showing the relationship between the constant fraction of 
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the metabolic nitrogen and the surface area of the rats. The 
body surface was calculated by the method of Lee (28) with his 
body weight-surface area formula, S = 12.54W°™. The curve 
resulting was very similar to that in Chart 3, except for a slight 
flattening. 

Since the metabolic fecal nitrogen appears to consist only in part 
of constituents varying in magnitude with the dry matter intake, 
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Cuart 5. The variation of the metabolic fecal nitrogen per gm. of dry 
matter consumed with the daily intake of dry matter, for six male rats 
ranging in weight from 250°to 300 gm. 


one might expect the ratio of metabolic nitrogen to dry matter 
intake to vary with the latter and in an inverse manner. A 
study of this relationship is important, since the ratio of metabolic 
fecal nitrogen to dry matter consumed in a period of low nitrogen 
feeding is used in estimating the metabolic fecal nitrogen in the 
protein feeding periods of a determination of the biological value 
of proteins by the Mitchell method (5). In Chart 5 this relation- 
ship is shown graphically for the six rats of the first series of ex- 
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periments. At low levels of food intake, the constant fraction of 
the metabolic fecal nitrogen predominates, and leads to very high 
values of the ratio, but when the food intake reaches an approxi- 
mate maintenance level, the ratio is seen to assume a fairly con- 
stant value. Hence, for the purposes of the biological value 
method, the ratio may be considered constant. The author else- 
where (10) has submitted other evidence to the same effect. 

Swine Experiments—The selection of subjects for these initial 
investigations concerned with the origin of the metabolic nitrogen 
of the feces was restricted to those species (1) that can subsist on 
purified or nitrogen-free foods, (2) that can eat concentrated foods 
without roughage since roughage itself is one factor contributing 
to the metabolic nitrogen, and (3) that have a simple digestive 
tract (not a ruminant), permitting the sharp demarcation of feces. 
Swine measure up admirably to these requirements and were ac- 
cordingly used in the third series of experiments. Twelve pigs 
of four different breeds, all barrows but one, a Poland China boar, 
were selected for this purpose. Their range in weight was from 
24 to 117 kilcs. The experimental technique was similar to that 
used in the studies with rats, the food intake of a low nitrogen 
ration being varied from period to period, and the excretion of 
fecal nitrogen being measured. 

The metabolism crates were of the type designed by Forbes 
(29). The length of the periods was 3 days generally and occa- 
sionally 4 days. The ration consisted of ground cellophane 18 
per cent, mineral mixture 4 per cent, yeast 3 per cent, sand, 
chromic oxide, or ferric oxide 3 per cent, starch 62 per cent, and 
sugar 10 per cent. To this mixture was added 1 per cent of cod 
liver oil, which at first was added to the ration at feeding time, but 
later was incorporated in the ration at the time of its preparation. 
The mineral mixture consisted of steamed bone-meal 30 per cent, 
ground limestone 30 per cent, sodium chloride 30 per cent, mag- 
nesium carbonate 3 per cent, potassium carbonate 3 per cent, 
potassium sulfate 2 per cent, ferric chloride 1.5 per cent, and po- 
tassium iodide 0.5 per cent. The feces were collected daily, 
dried at a low temperature, weighed, ground, and analyzed for 
nitrogen. 

10 to 14 days were required for the pigs to become adjusted to 
the ration. Ferric oxide and chromic oxide were used alternately 
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as feces markers in the first feeding of the various experimental 
periods, while sand was used in equal amount in all other feed- 
ings. There were no intervening adjustment periods. Although 
the feces of the pigs were examined for parasites previous to the 
experiment and negative diagnosis reported, so many round worms 
were excreted by Pigs 10, 11, and 12 that it was necessary to dis- 
continue the experiment for treatment after the first period. The 
second period with these pigs was resumed 4 days later. 

The results of these investigations are shown in Table II and 
in Chart 6. It was anticipated that more consistent results 
might be realized with pigs than with rats, for pigs maintain 
their weight better on a much more nearly nitrogen-free diet, and 
eat larger amounts of such food relative to their energy require- 
ments with apparently greater appetite. Proportionately greater 
extremes in food consumption may be obtained. Also, swine, if 
healthy and not overfed, eat all of the food put before them im- 
mediately, while the feeding of rats usually necessitates keeping 
food before them for longer periods. For the most successful 
demarcation of feces the more promptly food is eaten and the 
longer the time between meals of different periods the better, 
since less mixing of food of different colors in the digestive tract 
will be possible. However, the diet, although designed to pro- 
mote regular excretion, seemed to induce constipation with a 
few pigs, while with others diarrhea resulted at high levels of con- 
sumption. The feces were very high in nitrogen when diarrhea 
occurred, and for this reason with each of four pigs (Nos. 2, 3, 5, 
and 9) the period of greatest food intake was not considered in 
fitting the regression line. Pig 1 was constipated throughout the 
experiment, and excreted all of the feces of the last two periods 
during one night. As there was confusion regarding the division 
of the feces of the two periods under these circumstances, these two 
3 day periods were combined as one 6 day period. 

The plotted data in Chart 6 indicate, as with rats, that met- 
abolic fecal nitrogen is a rectilinear function of food intake. Fur- 
thermore, the regression line for each of the twelve pigs has a 
positive y intercept value. Thus, it appears that there is a con- 
stant fraction of the metabolic fecal nitrogen with pigs, again 
similar to the situation with rats. However, with pigs no rela- 
tionship between body weight and the constant fraction of the 












































Metabolic Nitrogen in Feces 
TasBie II 
Summary of Swine Data on Daily Basis 
Length | Feed dry | Fecal N re oe 
Pig No., breed, andsex | Body, | ion | matter by a | net stie| mtn 
periods periods ™ -_ N mn matter 
kg. days gm gm. gm. mg. 
1. Poland China 117 4 200 0.30 0.12 1.50 
barrow 3 400 0.34 0.85 
3 600 | 0.56 0.93 
6 1100 | 0.90 0.82 
2. Poland China 54 4 200 | 0.32 0.23 1.60 
barrow 3 400 | 0.50 1.25 
3 600 | 0.60 1.00 
3 900 | 0.80 0.89 
3 1068 | 0.84 0.79 
3 1288 1.66* 
3. Hampshire bar- 40 4 200 | 0.37 0.26 1.85 
row 3 400 0.37 0.92 
3 600 | 0.51 0.85 
3 800 | 0.58 0.72 
3 1100 1.24* 
4. Hampshire bar- 49 4 200 | 0.21 0.11 1.05 
row 3 400 0.41 1.02 
3 600 0.51 0.85 
3 800 0.65 0.81 
3 1100 0.83 0.75 
5. Hampshire bar- 37 4 200 | 0.23 0.16 1.15 
row 3 400 0.31 0.78 
3 600 0.41 0.68 
3 800 0.45 0.56 
3 1100 1.38* 
6. Hampshire bar- 34 3 200 | 0.35 0.16 1.75 
row 3 400 0.31 0.78 
3 600 | 0.46 0.77 
3 800 0.57 0.71 
3 1100 0.81 0.74 
7. Poland China 115 3 319 0.43 0.26 1.35 
boar 3 683 0.71 : 1.04 
3 1093 1.01 0.92 
3 1502 1.22 0.81 
3 2003 1.53 0.76 
* These values are not included in Chart 6 or used in computing the 
regression line, as abnormally large amounts of nitrogen were excreted 
because of diarrhea. 
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TaBLe II—Concluded 








me Body | aft | Pesky | Poca N ye 
Pig No., breed, and sex weight | collection by a = em, food 
periods’ | periods | Periods |metabolic| dry 

kg. days gm. gm. gm. mg. 

8. Duroc Jersey 59 3 182 0.68 0.46 3.74 
barrow 3 455 0.94 2.06 

3 820 1.24 1.51 

3 1275 1.57 1.23 

3 1680 2.25 1.34 

9. Chester white 68 3 228 0.40 0.20 1.75 
barrow 3 455 0.24 0.53 

3 820 0.76 0.93 

3 1275 0.81 0.64 

3 1685 1.80* 

10. Hampshire bar- 34 3 182 | 0.46 0.47 2.53 
row 2 364 0.78 2.14 

3 728 0.76 1.04 

3 1184 1.25 1.06 

11. Duroc Jersey 35 3 182 | 0.31 0.13 1.70 
barrow 2 364 0.46 1.26 

3 723 0.59 0.82 

3 1184 1.16 0.98 

12. Chester white 24 3 182 0.45 0.29 2.47 
barrow 2 364 0.54 1.48 

3 692 0.83 1.20 

3 510 0.73 1.43 























metabolic fecal nitrogen can be detected from these data, though 
with rats a somewhat close relationship existed. It was perhaps 
unfortunate that a greater number of larger pigs were not avail- 
able for this study; possibly a relationship might have been re- 
vealed if such had been the case. 

The last column of Table II contains the ratios of the metabolic 
nitrogen in the feces to the dry matter consumed. This ratio 
for pigs shows the same general trend as for rats (see Chart 5), 
large values being obtained for small intakes, but fairly constant 
values for intakes of food somewhat above what would be required 
for energy equilibrium. 

Experiments with Human Subjects—Since the rat and pig ex- 
periments were not concordant in all respects, it was deemed im- 
portant to extend the experiments to another species. Accord- 
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ingly, five male human subjects of widely different body weights 
were chosen for investigation. Data regarding the personnel 


2.0 


PIG! PIGS PIG9 


5] 
¥=.204.00051x 


¥*.12+4.00070X Y= 16+ .00038x 


R DAY 
bad 
° 


PIG2 PIG 6 


- 
ww 


¥=.23+.00060x y¥*.16+.00055 x 


a 
° 


y*=.474 00057 x 


° 


PIG3 


y=.26 +.00038 x 


- 
° 


y=.26+ .0OO65x y=.13+ .00061 x 





GRAMS OF METABOLIC NITROGEN EXCRETED PE 
° ° 


PIG 4 PIG 12 


¥=.11 + 00067 x y2.29+ 00079 x 


y*.46 + .00099 x 





1600 2000 ° 1200 1600 


© 400 800 1200 © 400 600 400 
GRAMS OF FOOD DRY MATTER CONSUMED PER DAY 


Cuarr 6. The relationship of metabolic nitrogen to food intake in swine 


are given in Table III. All cooperated very well, and the experi- 
ment was carried out without mishap. Indeed, it is of scientific 
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importance that the attitudes of the subjects were good at all 
times. The inadequate calorific intake of the last period was 
rendered more apparent because of the extreme cold prevailing 
at this time, the minimum temperatures ranging from —19.4° 
to —14.0° with mean daily temperatures of —17.7° to —7.2° 
(United States Weather Bureau Station, Urbana). One of the 
group (C.D.M.) fortunately possessed an unusual sense of humor 
which constantly overcame possible slight tendencies of anyone to 
grumble about the restricted diet. The meals were always times 








TasB_e III 
Summary of Data on Human Subjects on Daily Basis 
Weight at Food dry | pecal N |v intercept | Fecal N 
Subject end of Height | ™atter by _ Values r gm. 
wt | Aem | ecmmmye | Hele | a, | vert | game | Mods 
yrs. kg. m. gm. gm. gm. mg. 
J.D.M. 17 53.3 1.56 656 5.49 +0.40 | 8.37 
52.1 431 3.84 8.90 
50.8 212 2.00 9.44 
C.D.M. 29 90.9 1.86 861 4.63 +0.43 | 5.37 
89.0 566 3.45 6.09 
87.2 279 1.74 6.23 
H.R.M. 21 69.0 1.82 780 5.72 —0.11 7.34 
67.8 512 3.81 7.44 
66.6 252 1.75 6.94 
L.L.S. 19 58.8 1.79 748 4.84 —0.66 | 6.47 
58.1 492 2.46 5.00 
56.3 243 1.24 5.11 
B.H.S. 31 70.4 1.80 738 5.45 +0.02 | 7.38 
69.7 485 3.68 7.58 
68.2 239 1.75 7.31 


























of congenial comradship, and frequently of hilarity. Outside of 
meal hours, the subjects attended classes and carried out their 
usual duties. When on the campus the subjects used a vacant 
room of the laboratory as a lavatory, and collections at other times 
were delivered promptly to the laboratory. 

No attempt was made to make the diet nitrogen-free. The aim 
in the experiment was to have a uniform and low intake of nitro- 
gen in a very digestible form. There was very little nitrogen of 
vegetable source. The principal sources of protein were purposely 
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introduced in eggs and milk, which proteins are almost 100 per 
cent digestible (24). The subjects were permitted to drink water 
from the city water supply, which contained 4.68 parts of nitrogen 
per million, an amount of nitrogen too insignificant to affect the 
data desired. With only one subject (C.D.M.) did the total 
daily nitrogen intake exceed 6 gm. (6.1 gm.), and this was in the 
first period when the quantity of food consumed was the greatest. 
The meals* were the same for each day as follows: 








Breakfast Lunch Dinner 
Cod liver oil Lettuce and tomatoes Eggs 
Orange juice Bananas and cream Sweet potatoes 
Biscuits Milk Mousse 
Butter Biscuits Tea 
Jam Butter Biscuits 
Butter 











The biscuits were planned to be nitrogen-free and were made 
from a batter containing starch 50 parts, shredded agar 10 parts, 
Cellu Flour 10 parts, sugar 6 parts, salt 2.6 parts, lard 12 parts, 
baking powder 2.6 parts, and water 88 parts. The biscuits were 
weighed and sampled each meal before baking, and all other foods 
were sampled as they were weighed or measured for the table. 
The eggs were scrambled with cream, and the sweet potatoes 
mashed, a small amount of water being incorporated as necessary 
before each meal in order to keep the moisture content always 
approximately the same. 

The experiment lasted 11 days. There was one preliminary 
day, then three 3 day periods, and a final day. The University 
Health Service advised against the use of chromic oxide and ferric 
oxide for human subjects, so carmine was fed as a feces marker. 
From 0.2 to 0.6 gm. of carmine was given in capsules to each of 
the subjects at breakfast on the 2nd, 5th, 8th, and 11th mornings. 


3 The author wishes to express his indebtedness to Dr. Julia Outhouse, 
Mrs. C. R. Meyer, and Miss Janice M. Smith, Department of Home Eco- 
nomics, University of Illinois, who were responsible for the preparation and 
serving of the meals. Every effort possible was made to have the table and 
food attractive, and to take away any thought of the restrictions of the 
experiment, as well as to preserve the accuracy of the technique, 
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During the first period the subjects were encouraged to gorge 
themselves, emphasis being placed upon the nitrogen-free foods, 
the only restrictions relating to the quantities of milk and eggs 
to be eaten. All ate to capacity. The approximate daily caloric 
intakes during this period were: J.D.M. 4050; C.D.M. 5260; 
H.R.M. 4740; L.L.S. 4630; B.H.S. 4450. In the second period, 
each person was limited each day to two-thirds the average daily 
quantity (on the fresh weight basis) of each food eaten during the 
first period. In the third period, the food intake was limited to 
one-third that of the first period, the proportions of the various 
foods continuing the same throughout. 

The total dry matter ingested and the nitrogen of the feces 
excreted by each of the five subjects per day in the three periods 
is shown in Table III. The relationship between the two is 
shown graphically in Chart 7. The linearity of this relationship 
is clearly indicated, even more clearly than was the case with the 
rat data or the pig data. 

The fecal nitrogen y intercept values are both positive and 
negative and do not indicate that the hypothesis of a dual origin 
of the metabolic nitrogen so clearly borne out in the rat and pig 
experiments is applicable to human subjects. It is not believed, 
of course, that there is actually a negative y intercept. Likewise, 
it does not seem probable that the excretion of the metabolic 
nitrogen would not start until the fecal excretion has reached a 
certain level; i.e., that there is only an intercept on the z axis. 
The negative y intercepts can be explained better as being the 
result of experimental variation, particularly since the method of 
determination is indirect. Although there were only five human 
subjects in this experiment, the results so consistently show the 
y intercept to be at or near the 0 point, that, with the support of 
certain fasting experiments (14, 15) already cited, there is estab- 
lished considerable probability that in human feces there is no 
constant fraction of the metabolic nitrogen, but that all of the 
metabolic nitrogen is proportional to food intake. Hence, the 
ratio of fecal nitrogen to dry matter consumed, given in the last 
column of Table III, is fairly constant and in particular does not 
show the higher values for low intakes of food exhibited by the 
rat data and the pig data. 

Mitchell ((17) Table I) has cited the results of twenty-two ex- 
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periments on human subjects involving the feeding of low nitrogen 
diets, in which the ratio of fecal nitrogen to dry matter consumed 
ranged from 0.6 to 5.5 mg. per gm., averaging 2.3 mg. If this is 


y= .4+4.00761x 
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the order of magnitude of the ratio under conditions such that the 
fecal nitrogen is all, or nearly all, of metabolic origin, then the 
uniformly high ratios obtained in this experiment may have re- 
sulted from undigested dietary nitrogen, contrary to the expecta- 
tions based upon the composition of the diet, or they may have 
been caused by the agar and Cellu Flour in the biscuits together 
with the large amount of undigestible fibrous matter in the 
vegetables not usually included in low nitrogen diets. Either 
case, however, will not detract from the significance above given 
to the rectilinearity of the relationship of fecal nitrogen to dry 
matter intake, or to the fact that the y intercept of the line de- 
scribing this relationship is 0 within the limits of experimental 
error. 


DISCUSSION 


In the determination of the biological values of proteins, the 
ratio of the metabolic fecal nitrogen to the dry matter consumed, 
determined in a standardizing period, is used in computing the 
metabolic nitrogen in the feces of experimental periods in which 
the proteins under test are fed. Nutrition workers (5, 9, 10) 
have observed this ratio to vary considerably with rats as well as 
with pigs. It might be argued from data reported in this paper 
that the metabolic nitrogen of protein feeding periods should be 
computed by means of an equation such as Equation 2. How- 
ever, the data from the rat and pig experiments indicate that the 
usual ratio of metabolic nitrogen to dry matter consumed is fairly 
constant (Chart 5) if sufficient food is ingested to meet the energy 
requirements of the animal (10). As this condition is necessary 
in measuring accurately the endogenous nitrogen of the urine of 
either rats or pigs, which is usually done simultaneously in the 
biological value method (5), no modification is suggested for the 
estimation of the metabolic fecal nitrogen. 

The significance of the constant fraction of the metabolic fecal 
nitrogen is a matter of considerable interest. This fraction was 
found definitely to vary with body size in the case of rats; in the 
case of pigs, no such relationship was established, but the con- 
ditions for establishing a relationship were much less favorable, 
there being fewer pigs and less effective variation in size. Ex- 
pressed as mg. of nitrogen per kilo of body weight, the constant 











276 Metabolic Nitrogen in Feces 


fraction averaged 41.3 for rats and 5.5 for pigs, but when expressed 
as mg. of nitrogen per sq. m. of body surface,‘ the averages for 
the two species were very nearly the same; 7.e., 239 and 222, re- 
spectively. The latter ratio was the less variable of the two for 
both rats and pigs, especially, in the former case, if animals weigh- 
ing less than 50 gm. are excluded. With this exclusion the coeffi- 
cient of variation of the ratio involving body weight is 37.51, while 
that of the ratio involving body surface is only 24.47. It may be 
concluded that the constant fraction of the metabolic fecal nitro- 
gen, like the endogenous urinary nitrogen (26), varies more closely 
in proportion to body surface than in proportion to body weight, 
particularly among different species. 

Contrary to results on rats and pigs, the results on human sub- 
jects indicate that all of the metabolic nitrogen of human feces is 
proportional to food intake. Furthermore, the ratio of fecal 
nitrogen to dry matter consumed does not show the sharp upward 
trend for low intakes of dry matter that is seen with both rats and 
pigs. There is variation, it is true, but no such consistent tend- 
ency of the ratio in the data from human subjects as may be 
noticed in the rat data illustrated in Chart 5. From these data it 
appears that Thomas (3) and Martin and Robison (4) erred more 
in considering all of the metabolic nitrogen of human feces to be 
constant than those (9) who made the same mistake with regard 
to rat feces, for in the latter case there is at least a fraction of the 
metabolic nitrogen which is constant. 

The opinion stated by Mendel and Fine (16) that, “Fasting 
feces are in great part derived from retained fecal matter, result- 
ing from food immediately preceding the period of inanition” 
is in accord with these findings with human subjects. This view- 
point is also supported by the observations of Paton and Stock- 
man (14) and Benedict (15) that in 30 and 31 day human fasts, 
respectively, no feces were excreted. 

The variation of the metabolic nitrogen with high and low food 
intakes, the presence of a constant and varying fraction in rat and 
pig feces, suggest a resemblance to the findings of Folin (30) 
with regard to the endogenous nitrogen of the urine with high and 


4 In these computations, the surface areas of the rats were computed by 
Lee’s formula (see p. 265), and those of the pigs by Brody’s formula, S = 
0.097 W °- 633, 
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low protein intakes. The fact that there may be a qualitative 
_ difference between the constant and the varying fractions of the 
metabolic nitrogen (as with the endogenous nitrogen) offers an 
attractive problem for further research. A small amount of work 
on the bacterial content of the metabolic nitrogen of rats seems 
to suggest that this part is associated with the varying fractions.’ 


SUMMARY 


1. With rats and pigs the metabolic nitrogen of the feces may 
be divided into two fractions: a digestive fraction which varies 
directly with the quantity of food dry matter consumed; and a 
constant fraction which is probably of true excretory origin. 

2. In the case of rats, the constant fraction of the metabolic 
fecal nitrogen is definitely related to body size, and more closely 
to body surface than to body weight. It amounts to about 240 
mg. per sq. m. of body surface. For it, the term endogenous nitro- 
gen of the feces is suggested. 

3. With swine the constant fraction of the metabolic fecal nitro- 
gen has not been clearly related to body size, probably because of 
the smaller number of subjects and their smaller variation in 
weight. However, the size of this fraction averages very nearly 
the same for pigs as for rats when expressed to the sq. m. of body 
surface; i.e., 222 mg. 

4. With human subjects there seems to be no constant fraction 
of the metabolic fecal nitrogen, all of it varying in proportion to 
the intake of dry food. 

5. The ratio of metabolic fecal nitrogen to food dry matter con- 
sumed is very nearly constant with rats and pigs if the food intakes 
are not so low as to induce losses in body weight. With humans, 
the ratio is not at all affected by variation in food intake. Hence, 
for use in the estimation of the true digestibility of proteins and 
of their biological values this ratio is valid for rats, pigs, and hu- 
mans under all conditions favorable to the most accurate deter- 
mination of biological values by the Mitchell method. 


The author desires to thank Dr. H. H. Mitchell and the other 
members of the Division of Animal Nutrition for valuable counsel 


5 This work was done by Mr. H. R. McNeely under Dr. Tanner, in the 
Department of Bacteriology, University of Illinois. 
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and assistance in these investigations; and to express his apprecia- 
tion for the hospitality of the University of Illinois during the 
period of this research. 
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Since it was first discovered that cell elongation in the Avena 
coleoptile is controlled by a hormone, our understanding of the 
nature and réle of this substance has progressed considerably. 
Apart from the elucidation of its functions in promoting growth, 
tropisms, and other reactions of the plant, the chemical nature of 
the substance has been extensively studied. The active substance 
produced by cultures of the mold Rhizopus suinus was shown by 
Nielsen (1930) to be ether-soluble, and by Dolk and Thimann (1932) 
to be an unsaturated organic acid, decomposed by strong acids but 
not by alkalies, and readily inactivated by oxidation. Its disso- 
ciation constant, as measured by Dolk and Thimann, is 10-*-”. 
Previously, Went (1928) had shown the molecular weight of the 
active substance in Avena coleoptiles to be about 376. The active 
substance in human urine was isolated by Kégl and Haagen- 
Smit (1931) and by Kégl, Haagen-Smit, and Erxleben (1933), and 
shown to be an acid, C:;H2s(OH);COOH (auxin A), whose lac- 
tone is also active, while from malt these workers later isolated 
(1933) a ketohydroxy acid, Ci7Hz:s;0(0H)COOH (auxin B), which 
had the same activity per unit weight. 

On account of the rather small amount of substance available 
from Rhizopus cultures, and also since the bulk of the partially 
purified product was lost through spontaneous inactivation (see 
section, “Concluding stages’’), the chemical investigation of the 
active substance, begun earlier, was dropped. However, the many 
experiments on purification which had meanwhile been carried 
out showed that the active substance from Rhizopus did not behave 
in quite the same way as that from urine. 
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Recently, however, it was shown by Kégl, Erxleben, and 
Haagen-Smit (1934) that there is in urine a second active sub- 
stance, identical with 8-indolylacetic acid, and Kégl and Koster- 
mans (1934) showed that the molecular weight of the substance 
produced by Aspergillus and by Rhizopus is that of 8-indolylacetic 
acid rather than that of the C,s compounds. 

Since preparations from Rhizopus have been extensively used 
for physiological work, both in this laboratory and elsewhere, the 
exact nature of the active substance is of considerable interest. 
The present paper will give evidence that the active substance 
produced by Rhizopus suinus is in fact 8-indolylacetic acid. Iden- 
tification by the preparation of derivatives and by mixed melting 
points with the pure synthetic substance was not possible on 
account of the small amount of material available. Nevertheless, 
the evidence given below is fairly conclusive. The method of 
purification, since it differs to some extent from that adopted by 
Kégl and his coworkers, will also be outlined. Finally, it will be 
shown that some of the peculiar conditions previously found to be 
necessary for the production of this growth substance (Thimann 
and Dolk, 1933) find a simple explanation on this basis. 


Purification of Active Substance from Rhizopus suinus 


The conditions necessary to obtain maximum yields of active 
substance from Rhizopus suinus were studied by Bonner (1932) 
and by Thimann and Dolk (1933). The organism has its tem- 
perature optimum at 35-37°, and its growth is inhibited by high 
acidity. It was found that high yields of growth substance could 
only be obtained from media containing peptone, and further that 
certain peptones only were effective. On ammonium salts the 
yield was only about one-tenth of that on the peptone media. 
The yield was also proportional to the extent to which the culture 
was aerated. 

By observing these conditions, i.e. by growing the mold in a 
medium containing 1 per cent of the effective peptone (Witte’s) 
and 2 per cent of dextrose, with salts, at 35°, and aerating at the 
optimum rate of about 25 liters of air per hour, yields of from 100 
to 200 units of growth substance per cc. were obtained (cf. Thi- 
mann and Dolk, 1933). 

Since 1 mg. of pure 8-indolylacetic acid is equal to about 3 x 10° 
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of our volume units, it follows that 200 units per cc. is 6.7 X 10~* 
mg. per ce., and since 1 cc. of the medium contains 31 mg. of 
solids, we have a concentration of the active substance of about 
1 part in 50,000 of solids. Correspondingly, about 1500 liters are 


needed to give a gm. of the active substance, as against 9400 liters 
quoted by Kégl for Rhizopus reflexus. 

It is worthy of note that the Avena test method as carried out 
in this laboratory does not give the large variations of several 
hundred per cent found by the Dutch workers, and ascribed by 
them to a periodic change of some kind in climatic conditions. 
At Pasadena, on the contrary, results from day to day are constant 
within about 10 to 20 per cent, tests being always carried out at 
about the same time of day; there may, however, be some varia- 
tion over long periods. This constancy of the test enables quite 
small losses in activity to be determined. 

Preliminary Extractions —The mold was grown in a hot room 
in large vessels under the above conditions. About 140 liters of 
the medium were obtained altogether, and this was worked up in 
several lots. After being filtered from mycelium and spores, it was 
evaporated under diminished pressure to 1 to 2 per cent of its 
volume, filtered from precipitated peptone, etc. (Precipitate A), 
acidified to pH 3, and extracted about seven times with half its vol- 
ume of peroxide-free ether each time. From the extracts (B and C) 
the ether was evaporated off and the residue taken up in hot water. 
On cooling, a precipitate of wax-like substances separated; this 
was reextracted with warm chloroform (Extract E) and the active 
substance so obtained brought back into water and added to the 
main aqueous extract. 

On account of the relatively small amount of active material 
available an attempt was made to carry out these processes quan- 
titatively; i.e., without loss of activity. It was found that the 
original activity could be checked to within 1 per cent (see Table I), 
while 90 per cent of the original growth substance was obtained in 
the combined Extracts B, C, and E. 

Fractional Extraction at Controlled pH—The aqueous solution 
from the extractions, containing in all 21.9 million units, was 
evaporated, filtered from a bulky inactive precipitate, and brought 
to pH 4.80 electrometrically. Another precipitate separating at 
this point carried down considerable activity, and it was, there- 
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fore, after washing, redissolved in hot water and worked up with 
CHCl, the CHCl; extract being taken up in water with consider- 
able loss of activity and added to the main fraction. The solu- 
tion, containing now 15.97 million units, was extracted five times 
with an equal volume of CHCl; each time, since this procedure 
should give 88 per cent extraction of an acid of dissociation con- 
stant 10-*-* and partition coefficient between CHCl; and water 
of 1.5. The extract contained 12.58 millions, and the aqueous 
residue 2.90 millions; 7.e., 81.3 per cent was extracted. The resi- 
due, containing citric, oxalic, and other stronger acids, was dis- 
carded. The CHCl; extract was shaken five times with half of 








TaBLeE I 
Quantitative Procedure in Preliminary Extractions 
Solution Total activity 
growth substance units X 104 
ER SIAR TO TON Ker Fe 1040 
ll, ER Sr eee ee 29 
B. First 3 ether extracts (filtered)............ 614 
C. Further4 “ 7. us bs ke bee c heat oie 79 
I GRINS 5s sedan done cddasesWedidetes 66 
E. CHCl; extract of wax-like ppt. from ether 
ES ye ere a reer 241 
RTO Sa ae hk voi iain 86 AMR Ea ORS OORT OD 1029 
‘* in extracts (B + C + E).............. 934 = 90% 
Loss of active substance..................... 1% 








its volume each time of 0.5 m NaHCO; solution, which extracted 
12.26 millions or 98 per cent of the activity; the alkaline solution 
was reacidified and extracted repeatedly with fresh CHCl;. The 
use of CHC); for these extractions was preferred to ether on account 
of the extreme sensitivity of the active substance to traces of 
peroxide in the ether. Although freshly distilled before use, the 
CHCl; no doubt developed traces of acid on keeping, and this 
probably accounts for the inactivation of growth substance in 
CHC); solution which was later observed. Traces of alcohol were 
of course always added. 

Treatment with Organic Solvents, Etc—The extracts were evapo- 
rated to dryness (4.2 gm.) and extracted repeatedly with boiling 
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petroleum ether, b.p. 40-60°. The extracts contained 0.49 mil- 
lion units in 565 mg. and were discarded. The insoluble residue 
was extracted with warm ligroin, which removed a further small 
amount of inactive substance. Many other solvents were tried 
but gave little increase in purity. 

Precipitation of the active substance as lead salt gave unsatis- 
factory results. Only a small part of the substance was precipi- 
tated by addition of basic lead acetate in alcoholic solution, and in 
addition considerable inactivation occurred, from 30 to 50 per 
cent of the activity being lost in the trial experiments. This was 
traced to the use of warm acid solution for removal of lead with 
HS, the active substance being readily decomposed by warm 
dilute acid (cf. below). Even when this procedure was avoided by 
extracting precipitate and filtrate directly with ether, the lead pre- 
cipitation gave no increase in purity and was therefore abandoned. 

At this stage the procedure of Kégl, Haagen-Smit, and Erxleben 
(1933), z.e. conversion of the acid to a lactone by boiling with 1 
per cent HCl in methanol, was tested, but was also found to cause 
considerable inactivation. Since, however, the product showed 
no tendency to crystallize, it was decided to attempt distillation. 

Fractional Distillation in Vacuo—Contrary to the findings for 
auxentriolic acid, it was soon found that this active substance 
could be distilled as the free acid almost without loss, in a high 
vacuum. After numerous trials a still of the Hickman type was 
adopted (cf. Hickman, 1932). It is designed to realize pressures 
below 10-* mm. in the still itself, and is a micromodification of 
those of Hickman, with the difference that condensation takes _ 
place on a removable inner tube (see Fig. 1). This tube fits into 
the main vessel—a sphere of 5 cm. radius—with a ground joint 
protected by a mercury seal, and its base is 2.5 cm. from the 
bottom of the bulb. The still was heated by immersing to about 
half its depth in a paraffin bath, the inner condenser tube being 
cooled with crushed ice. The side tube was connected through a 
liquid air trap to a two-stage mercury pump backed by an oil 
pump. The pressure was from 3 X 10-‘to 1 X 10-‘ mm. of Hg. 

With this “molecular still” the oil was distilled in quantities of 
about 300 mg. at a time. The procedure was to raise the bath 
temperature until a faint cloudiness appeared on the condenser; 
then to hold the bath at the same temperature or a few degrees 
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higher until no more substance appeared to distil. The vacuum 
was then released and the condenser tube removed and rinsed 
down with CHCl; or acetone into a small dish. The condenser 
was replaced, a vacuum again established, and another fraction 
taken. Since the still is small, high vacuum is quickly reestab- 
lished. In all the distillations the bulk of the activity appeared in 
one fraction, that distilling at a bath temperature between 95-105°, 
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Fig. 1. Still for high vacuum fractional distillation of small quantities 
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and the inactivation was negligible. In the sample distillation 
shown in Table II, the loss of activity was 6 per cent only, while 
the purity was increased between 3 and 4 times in the main 
fraction. 

The residues left above 115° from all twelve distillations were 
finally combined, reextracted with petroleum ether, and again dis- 
tilled; the active distillate was, however, not combined with the 
other material, since its purity was lower. 
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Concluding Stages—The combined active distillates, totaling 5.0 
million units, were evaporated once with CCl, to remove the last 
traces of chloroform, and then extracted cautiously with CCl, at 0°. 
The extracts on standing at 0° for a few days precipitated an 
insoluble yellow oil which was added to the other insoluble frac- 
tion. The insoluble material contained 2.5 million units in 135 
mg. This was dissolved in methanol, a small amount of insolu- 
ble material being removed, and 186 mg. of brucine dissolved in 
methanol were added. On cooling to —30° the salt was precipi- 
tated; it was filtered off and washed quickly with MeOH cooled 
in the same freezing mixture. The precipitate was dissolved in 
water, made to pH 10, and extracted with CCl, till the extract no 
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longer gave the HNO; test for brucine. The solution was then 
brought to pH 3 and extracted with CHCl;. The extract, 12.8 
mg., contained 1.5 million units or 117,000 units per mg. This 
figure, compared with 310,000 units per mg. for synthetic 8-indolyl- 
acetic acid (Thimann and Koepfli, 1935) shows that the prepara- 
tion was about 40 per cent as active as the synthetic product. 
However, the substance lost activity rapidly on being kept in 
CHCI; in the dark and before it could be further studied the bulk 
of the activity had disappeared. 

The filtrate,! which carried 900,000 units in 34.5 mg., ¢.e. was 
one-fourth as pure, was therefore worked up by redistillation in 


1 This solution, indicated as Br. F. (brucine filtrate), was used in the 
experiments on root formation of Thimann and Went (1934). 
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Purification of Growth Substance from Rhizopus 


Medium, about 0.14 mg. per unit; evaporated in vacuo and filtered 




















Ppt. discarded Filtrate extracted seven times with 
ether at pH 3 
Aqueous layer discarded Extract taken back into water and 
chilled 
First ppts. worked over with ether, Solution brought to pH 4.80 and 
extracts being combined with rest filtered 
of active material; later ppts. 
discarded 
Ppt. discarded iets extracted five times with 
3 
Aqueous layer discarded Chloroform layer shaken’ with 
NaHCO; 
Chloroform layer discarded Alkaline solution acidified and ex- 


tracted with chloroform; extract 
has 5000 units per mg. 














Aqueous layer discarded Extract eva rated and extracted 
with petroleum ether 

Petroleum extract discarded Residue extracted with ligroin 

Ligroin extract discarded ae transferred to molecular 
sti 

Fractions below 95° discarded Fraction 95-110° contains most of 
the activity; purity 20,000 units 


per mg. 
Combined active fractions extracted 
with CCh, at 0°, successively 





Extract chilled and active ppt. re- — Residue pptd. with brucine in MeOH 
covered; remainder discarded at ,— 30° and filtered 





Precipitate freed from brucine with (Filtrate therefore freed from brucine 
CCl; purity 110,000 units per by CCl, extraction; purity 26,000 








mg., but rapidly inactivated; units per mg.; reextracted with 
lost petroleum ether 
Extract discarded Residue redistilled 
f 7. 1 
Fraction 70-85° Fractions 85-95° and 95— Above 102° 
102° 


Needles, m.p. 109° after recrys- Platelets =. 160° (ca.) Nothing 
tallization twice from acetone; but only about 1 mg.; 


inactive purity 130,000 units 
per mg., or 4 X 10-8 
mg. per plant unit, 
before recrystalliza- 
tion 
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vacuo, after it had been first freed from brucine as above and again 
extracted with petroleum ether. Three fractions were obtained. 
That distilling at a bath temperature below 85° crystallized in long 
needles, m.p. 109°, but was almost inactive. The fractions dis- 
tilling at 85-95° and 95-102° were semisolid, weighed 3.5 and 
1.2 mg. respectively, and had an activity of 130,000 units per mg. 
They were apparently the same. On cooling, they crystallized in 
platelets, which on account of their small amount, could not be 
properly separated from the syrup. However, recrystallization 
from acetone was attempted. Under the microscope the crystals 
melted, not sharply, at 160°. Their nature will be considered 
below. 

A summary of the purification procedure is shown in the accom- 


panying diagram. 
Chemical Nature of the Active Substance 


There are thus three points of difference between the active sub- 
stance from Rhizopus and the Cis auxins from urine. The Rhizo- 
pus substance (1) is destroyed by warm dilute acids (this was 
earlier shown by Dolk and Thimann (1932)); (2) is not precipi- 
tated by basic lead acetate in neutral alcoholic solution; (3) can 
be distilled without destruction at about 100° in vacuo. 

In connection with the lead precipitation, a remarkable phe- 
nomenon occurred when the same procedure was tried for com- 
parison on a urine concentrate. This had been extracted with 
ether at pH 3, and the ether extracts evaporated down and freed 
from a quantity of crystals (hippuric acid). The extract was puri- 
fied by the first three stages described above and then treated 
with neutral lead acetate in weakly alkaline alcoholic solution just 
as described by Kégl et al. (1933). The precipitate in this case 
contained one-third of the activity but at a great increase in 
purity. Repeated addition of lead acetate gave no further pre- 
cipitate; hence the filtrate carried the bulk of the activity, but a 
small amount of highly active substance had been removed (Table 
III). The only reasonable explanation for this behavior is the 
presence of two different active substances. In view of the subse- 
quent findings of K6ég]l et al. these must be auxentriolic and -indo- 
lylacetic acids respectively, since only the former forms an insolu- 
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ble lead salt under these conditions, while the latter is always 
present to some extent in urine. 

Examination of the active preparations showed them to con- 
tain nitrogen. In many cases the amount was so small as barely 
to reach the limits of detection, but it was definitely present. 

Color Reactions—All the active preparations gave the Salkowski 
reaction with nitrous acid, the color having a yellowish cast com- 
pared with that given by indole. In the impure preparations the 
intensity of the color reactions was proportional to their biological 
activity. A solution containing 1 part in 10,000 of the active sub- 
stance, in about 10 per cent purity, gave a color equal to that of a 
solution of 8-indolylacetic acid of the same concentration. Positive 
tests were given with the Ehrlich and FeCl;-HCl reactions, the latter 








TaBLeE III 
Lead Acetate Precipitation of Partially Purified Urine Concentrate 
Solution Total activity Weight Purity 
erowth eubatener| mg. | uite perm. 

Mang Ca wisn tinea ka doted da atebere 13.5 9.6 14,000 
th TEC Try RR Tere ee ee eee 5.5 4.0 13, 500 
PF De aatisleiNeetawiedininswieen 3.4 9.0 3,800 

oY Nerina ndicKen sOlheabuieied 1.5 
a a 8 ln Ba 28.0 92.1 3,040 














of which is the more specific (cf. Frieber, 1922). The intensity 
of these tests was also strictly proportional to the activity. 

The crystalline distillate, Fraction II of the redistilled brucine 
filtrate, which was evidently the active substance in only slightly 
impure state, gave positive tests in all three reactions and must 
therefore certainly be an indole acid derivative. Since indole, 
indolecarboxylic acid, indolepropionic acid, and tryptophane are 
all inactive, the substance must be either indoleacetic acid, or, 
what is very improbable, another unknown indole acid of the 
same activity. 

Vacuum Distillation—Since the active substance distilled in a 
high vacuum at about 100° without much loss of activity, the 
same treatment was given to some synthetic 6-indolylacetic acid, 
prepared by Majima and Hoshino’s method (1925). In the mo- 
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lecular still described above no distillation occurred below 96°, 
but at a bath temperature of 99-103°, the substance distilled 
rapidly and quantitatively; 1.2 mg., activity 310,000 units per mg., 
yielded 1.2 mg. of distillate, activity 224,000 units per mg. The 
behavior is thus identical with that of the Rhizopus substance and 
different from that of the urine auxins. 

Sensitivity to Acid—A dilute solution of pure 8-indolylacetic 
acid was treated with 0.5 n HCl for 30 minutes at 100°. The 
activity before treatment was 99.2 and 24.8 units per cc.; after 
treatment, 3.5 and 0 units per cc., respectively. The destruction 
is thus practically complete. 

Melting Point—Little emphasis can be placed on this property, 
since the crystals could not be satisfactorily separated from the 
syrup, but the melting point of 160° observed is close to that of 
164.5° of synthetic 8-indolylacetic acid. 

Loss of Activity on Keeping—The loss of activity of the purified 
Rhizopus growth substance in solution is paralleled by the loss of 
activity of synthetic 8-indolylacetic acid, which proceeds steadily, 
though apparently not so rapidly as that of auxin A. The follow- 
ing results were obtained with an aqueous solution of §8-indolyl- 
acetic acid in the dark at 0°. 





Day Activity 





units X 10° per cc. 





0 53.2 
3 40.8 
7 35.2 
17 16.2 
29 9.4 





Conditions for Production of Active Substance by Rhizopus 


The principal findings previously reported (Thimann and Dolk, 
1933) were as follows: (1) On peptone media, the yield of growth 
substance depends on specific substances in the peptone; these 
were almost completely absent from the Merck product but pres- 
ent in the Witte product. This mysterious substance is clearly 
tryptophane, whose presence in peptones is known to vary with 
their history and origin. Qualitative tests on samples of the pep- 
tones used in that study show that the Merck product used gives 
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almost a negative Adamkiewicz reaction in 1 per cent solution; 
i.e., its tryptophane content is extremely low. The Witte pep- 
tone, on the other hand, gives a strong test in 1 per cent solution, 
even stronger than that given by so called tryptophane broth 
preparations. Further, the “precursor” substance was shown to be 
reduced in amount by repeated autoclaving. (2) The yield of 
growth substance is proportional to the extent to which the cul- 
ture is aerated. This follows from consideration of the reaction 
tryptophane — §-indolylacetic acid, as carried out by micro- 
organisms: 


oO 0. 
RCH,CHNH.COOH $0, RCH.COCOOH + NH; $0, RCH,COOH + Co, 


The reaction is thus a typical oxidative deamination. The mold 
is also capable of oxidizing the substance further, as is shown by 
the fall in activity of the medium after 10 days at 35°. 

Both these findings are thus satisfactorily explained. 

Further, Boysen-Jensen (1932) found that, with Aspergillus, 
tryptophane and the 6-carbon-containing amino acids lysine, leu- 
cine, tyrosine, and phenylalanine could be converted to growth 
hormone. The relationship between these compounds and £-indo- 
lylacetic acid is, as pointed out by Kégl and Kostermans (1934), 
obvious. 

It may be added that, as previously reported (Thimann and 
Went, 1934) the activity in growth promotion was paralleled in 
all preparations by activity in promoting root formation, root 
formation being determined by the method of Went (1934). Since 
the activity for both functions remained approximately propor- 
tional up to the final stages of purification, the conclusion was 
drawn that the two hormones are either identical or very closely 
related. However, the fact that the crystalline C:s auxins and the 
synthetic 6-indolylacetic acid are all about equally active in pro- 
moting root formation proves that the two hormones are identical. 
The synthetic substance has an activity varying between about 
40,000 and 280,000 root units per mg. 


SUMMARY 


1. The purification of the plant growth-promoting substance 
produced by cultures of Rhizopus suinus is described. 
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2. Although the preparation of derivatives could not be carried 
out on the small amount of substance available, it is shown that 
there is no doubt that the active substance is identical with 6- 
indolylacetic acid. This identity is supported by specific color 
reactions, the melting point (approximate), distillation tempera- 
ture, and various chemical properties, as compared with those of 
the synthetic substance. 

3. The mechanism of the production of the active substance 
from peptones by the mold is reviewed, and showed to be largely 
explained by this finding. 
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In a recent communication from this laboratory a procedure was 
described for the isolation of a group of esterified galacturonic 
acid polymers through the alcoholysis of citrus polygalacturonide 
(1). The esters were procured as their methylglycosides by sub- 
jecting the polygalacturonide, (CsHsO¢),, to the action of dry hy- 
drogen chloride in absolute methyl alcohol. It was shown that 
the major portion of this group consisted of a homogeneous frac- 
tion containing 8 to 10 galacturonic acid units in glycosidic linkage. 
This value was therefore considered to represent a minimum size 
for the structural unit of citrus pectin. At about the same time 
Meyers and Baker, through totally different methods, reached 
similar conclusions concerning the molecular size of the basic 
structural unit contained in pectin (2). 

Ehrlich’s extensive studies on the pectins had, on the other 
hand, led to different deductions (3-5). He concluded that the 
basic unit of the pectin molecule is a 4-membered ring structure, 
CxoH2s016 (COOH),-H2O0, called Pektolsdure, from which an open 


CO 
chain modification, catios(< | )icoor, called Pektolacton- 
O 


sdure, could be obtained by the opening of one of the saccharide 
linkages. The discrepancy existing between Ehrlich’s conclusions 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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and the findings in this laboratory led us to investigate the action 
of the HCI-CH;OH reagent on his Pektolsdéure and Pektolactonsdure 
preparations. 

The action of the HCI-CH;OH on both preparations was similar 
to that previously reported for citrus polygalacturonide (1, 6). 
The extent of alcoholysis, however, varied considerably. With 
Pektolsdéure, from 25 to 35 per cent was dissolved by the reagent, 
whereas with the Pektolactonsdure, the soluble fraction amounted 
to 80 to 95 per cent.! From the soluble portions, a-methyl-d-galac- 
turonide methyl ester monohydrate (CsHyO;-H2O) was isolated 
in yields comparable to those reported by Morell and Link (6). 
The portions of the Pektolsdure and Pektolactonsdure preparations 
which resisted solution in the HCI-CH;0H reagent proved to be 
extremely inert to further treatment in the same medium, a prop- 
erty also exhibited by the residue from citrus polygalacturonide 
(1). The insoluble residues were purified by precipitation from 
aqueous solution with ethyl alcohol. Analysis of the residues has 
shown that they are practically identical to the polygalacturonic 
ester glycosides, CsHs0;COOCHs- (C;sH,0,COOCHS),,-CsH:0;— 
(OCH;)COOCHs, previously obtained (1). The only differences 
observed were slight variations in the number of galacturonic acid 
units contained in the large molecule. The values for n of the 
formula varied between 7 and 10 in the polyglycoside obtained 
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1 Under the same conditions about 50 per cent of the citrus polygalac- 
turonide went into solution (1). 
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from the Pektolséure preparations. The corresponding values 
for n in the polyester from the Pektolactonsdure preparations were 
8 to 10; whereas in the residue from the citrus polygalacturonide, 
n varied between 6 and 8 (1). The values for n were determined 
by methoxy] analyses of the polyester glycosides, their sodium and 
barium salts, and their free acids.2 The validity of this method 
for ascertaining the molecular size of these fractions has already 
been discussed ((1) p. 3). 

From these observations it is difficult to agree with Ehrlich 
that the only difference between Pektolsdure and Pektolactonsdure 
is that the former is a 4-membered galacturonic acid ring, whereas 
the latter is the open chain structure. Since Ehrlich’s preparations 
give rise to polymers containing approximately 10 condensed 
galacturonic acid units, it appears that they are not tetragalac- 
turonic acid anhydrides. The fact that on alcoholysis the Pektol- 
sdure preparations yielded 70 per cent of a resistant polygalac- 
turonide containing approximately 10 galacturonic acid units, 
whereas the Pektolactonsdure yielded only 12 per cent of the same 
residue, is evidence that these preparations differ radically in 
molecular size. Their different solubilities in water is also in 
accordance with this view. Since the extent of alcoholysis during 
the prolonged HCI-CH;OH treatment is not known, it may only 
be concluded that the minimum size of the galacturonic acid com- 
plex in Pektolséure involves approximately 10 galacturonic acid 
units. As Ehrlich has obtained similar preparations from the pec- 
tins of a great many tissues (7), our observations concerning their 
polygalacturonic structure may be generally applied to all pectic 
substances. 


EXPERIMENTAL 


The polygalacturonic ester glycosides, barium salts, sodium 
salts, and free acids were prepared and characterized by the meth- 
ods previously described (1). The analytical values cited in 
Tables I to V represent the averages of several preparations. The 
differences between methoxyl analyses for check determinations 
did not vary more than 0.1 per cent in any case. Since the 
methoxyl contents varied within the limits required for polymers 


? With the insoluble methylated residue from Pektolactonsdure the analy- 
ses were confined to the polyester glycoside. 
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of 8 to 12 galacturonic acid units, theoretical values cited in 
Tables I to V have been calculated for a molecular size of 10 units. 

Preparation of Ehrlich’s Pektolséure and Pektolactonsdéure (4)— 
Citrus and apple pectins* were purified by three extractions with 
hot 70 per cent alcohol. The uronic anhydride contents were 73 
and 56 per cent respectively. On heating solutions of these pec- 
tins in 5 per cent hydrochloric acid at 85~90°, a slimy precipitate 
of Pektolséure gradually separated. After 4 hours the solutions 
were filtered and the precipitates washed with water. The filtrate 


TABLE I 


Analytical Values Observed for Pektolséure and Pektolactonsdéure Prepared 
from Citrus and Apple Pectin 








Source Rotation R. . 9 Methoxyl | we 
degrees Nooit ~ per cent =o om . 

Citrus pectin 

SS OP REECE ET +286 .0 55.0 1.5 4.27 

Pektolactonsdure............ +250 .0 54.3 1.6 24.0 
Apple pectin 

PR, Soe k Ss ce ca ees +270.0 53.4 1.3 2.9 

Pektolactonsdure............ +237 .0 55.9 0.9 24.3 
Ebrlich’s values 

Re eee ee +290 .0* 55 .4f 1.9f 

Pektolactonsdure............ +250 .0* 56 .8t 26.3t 

















* Cited by Ehrlich in summary form ((5) p. 528). 
+ Theoretical titration equivalents ((5) p. 528). 
t (3) p. 2012. 


and washings were concentrated under reduced pressure and 
poured into 5 volumes of ethyl alcohol. Snow-white amorphous 
precipitates of Ehrlich’s Pektolactonsdure immediately separated. 
The Pektolsdéure was purified by reprecipitation with acid from a 
large volume of water. The preparations were dried at 100° in a 
vacuum oven for 10 hours. The yields from citrus pectin were 25 


3 We wish to express our appreciation to the Research Department of the 
California Fruit Growers Exchange, Ontario, California, for the citrus 
pectin, and to the Research Department of the General Foods Corporation, 
Battle Creek, Michigan, for the apple pectin used in this investigation. 
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per cent for the purified Pektolsdure and 9 per cent for Pektolacton- 
sdure; with apple pectin the corresponding yields were 24 per cent 
and 8 per cent. In Table I the analytical constants observed are 
cited. Ehrlich’s values for his preparations are also included for 
comparison. 

Methylglycoside of Polygalacturonic Methyl Ester—15 gm. of 
each of the preparations described above were subjected to the 


Taste IT 
Methylglycoside of Polygalacturonic Methyl Ester 
































; . Meth- Rotation Iodine | Saponifica- 
Methylation residue from Yield ~ 1 in H,O, | consump- tion 
ony c = 1.5-2.0 tion equivalent 
ec. 0.1 N Is on 
per cent | per cent degrees per gm. a 
Citrus pectin 
PS  . casageadetee 66.3 | 17.80 | +221.7 2.61 48 86 
Pektolactonsdure........... 16.0 | 17.34 | +198.1 2.12 49.13 
Apple pectin 
oo cask beve0 oe 73.3 | 17.32 | +218.7 1.90 49.21 
Pektolactonsdure........... 8.9 | 17.36 | +201.0 1.25 49.35 
as 5 ck adr ehnneied 17.67 0.0 51.78 
TaBLeE IIIT 
Methylglycoside of Sodium Polygalacturonate 
Source yield | Meth- | sodium | ROMO” | comumy 
oxyl enisee| Gn 
per cent | per cent | percent | degrees —— a ° 
Citrus pectin, Pektolsdure..... 90.0 | 1.47 | 11.97 | +223.4 0.52 
Apple pectin, Pektolsdure.»,....| 90.0 | 1.36 | 11.62 | +223.8 |. 0.48 
Bs ccvehateeth «tan pede 1.54 | 11.48 0.0 




















HCI-CH;OH treatment formerly described (1). The analytical 
constants for the polyester glycosides, after purification, are cited 
in Table II. The yield of crystalline a-methyl-d-galacturonide 
methyl ester monohydrate, obtained from the alcoholic solutions, 
was 30 + 5 per cent, which is in good agreement with the original 
findings (6). 

Methylglycoside of Sodium Polygalacturonate—2.0 gm. samples 
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of the polyester glycoside were used for the preparation of the 
sodium salt. The analytical results are summarized in Table III. 

Methylglycoside of Barium Polygalacturonate—3.0 gm. portions 
of the polyester were used to prepare the barium salts. In Table 
IV the observed analytical constants are given. 

Methylglycoside of Polygalacturonic Acid—The polygalacturonic 
acid was prepared from its ester. 3.0 gm. portions of the purified 
residues were used. The results are summarized in Table V. 

Since the original Pektolséure preparations were not free of 
methoxyl, it was necessary to study their behavior when carried 














TaBLE IV 
Methylglycoside of Barium Polygalacturonate 

Source Yield Methoxyl Barium 

per cent per cent per cent 

Citrus pectin, Pektolsdure............... 95.0 1.48 26.32 

Apple pectin, Pektolsdéure................ 95.0 1.28 26.50 

ED Seti thddageskeNasdarceuben 1.26 27.8 

TABLE V 


Methylglycoside of Polygalacturonic Acid 





Rotation Iodine 
Source Yield Methoxyl in H20, consump- 
ce = 1.5-2.0 tion 

















per cent per cent degrees _ 
Citrus pectin, Pektolsdure......... 67.0 1.31 +261.4 1.41 
Apple pectin, Pektolsdure......... 65.0 1.36 +259 .0 0.93 
INS, Mati temic. 5 <ttnecice ea XESS 1.73 0.0 





through the alkali-acid procedure for making the free polyacid 
from its ester ((1) p. 10). 5.0 gm. samples of Pektolsdure, pre- 
pared from both citrus and apple pectin, were suspended in 40 ce. 
of water and 30 cc. of N NaOH were added slowly with stirring. 
The procedure for preparing the polyacid from its ester was then 
repeated in detail. The methoxyl content of the citrus Pektol- 
sdure, after two such treatments, fell from an original value of 
1.60 per cent to 0.30 per cent, where it remained constant. The 
methoxyl content of the apple Pektolsdure, when similarly treated, 
fell from 1.29 per cent to 0.35 per cent. 
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SUMMARY 


1. The action of dry hydrogen chloride in absolute methyl 
alcohol on Ehrlich’s Pektolséure and Pektolactonsdure preparations, 
obtained from both citrus and apple pectin, has been studied. 

2. When refluxed for 90 hours, about 30 per cent of the Pektol- 
sdure and 90 per cent of the Pektolactonsdure were dissolved. 

3. In each case the insoluble residue consisted mainly of an 
esterified polygalacturonide in the form of its methylglycoside. 
Analysis of this polyester, as well as its sodium salt, barium salt, 
and free acid, has shown that it contained approximately 10 
galacturonic acid units. 

4. Ehrlich’s belief that his Pektolsiure and Pektolactonsdure 
preparations are definite compounds containing 4 galacturonic 
acid units is not in harmony with the results obtained. 


We are indebted to our colleague, Dr. Sam Morell, for the inter- 
est and constant counsel that he contributed to this investigation. 
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Hoffman (1925) isolated from blood adenylic acid, the presence 
of which had been indicated by the work of Jackson (1923, 1924). 
Lohmann (1928, a) found in muscle a phosphorus compound easily 
hydrolyzed by normal acid, and designated it pyrophosphate. 
The presence of easily hydrolyzable organic phosphorus in blood 
had already been recognized (Zucker and Gutman, 1922-23), and 
the quantity of this so called “pyrophosphate” was determined in 
the blood of various animals (Lohmann, 1928, b); Barrenscheen 
and Vasarhelyi, 1930; Bomskov, 1932). When it was learned 
that muscle adenylic acid (Embden and Zimmermann, 1927) and 
“pyrophosphate” were actually present in combination as adeno- 
sine triphosphate (Fiske and Subbarow, 1929; Lohmann, 1929), it 
became a matter of interest to determine whether the adenylic 
acid and hydrolyzable phosphorus of blood were likewise present in 
combination with each other. Barrenscheen and Filz (1932) 
attempted to isolate the silver salt of adenosine triphosphate from 
human blood and obtained a low yield of a substance differing in 
composition from the adenosine triphosphate secured from muscle. 

With the purpose of learning whether or not the adenine nucleo- 
tide and hydrolyzable phosphorus were present in blood in the 
proportion required if they were combined as adenosine triphos- 
phate, we determined the quantities of these two components in 
the blood of twenty-four species of animals. Since the completion 
of our experiments Fiske (1934) has announced the isolation of 
adenosine triphosphate in nearly quantitative yield from rabbit 
blood and found it indistinguishable from that prepared from 
muscle. Although Fiske’s experiments give direct evidence that 
all the adenylic acid of rabbit blood is present as adenosine tri- 
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phosphate, it remains to be determined whether all of the easily 
hydrolyzed organic phosphorus is also so combined. Our data 
therefore become of inierest in regard to the relative proportions 
of adenylic acid and hydrolyzable phosphorus as well as species 
differences in the organic phosphorus compounds of the erythro- 
cytes. 

Methods 


Blood was obtained from heart or vein' directly from the ani- 
mals or from the slaughter-house, defibrinated by gentle stirring, 
and then pipetted at once into trichloroacetic acid in order to 
prevent breakdown of organic phosphorus.? This procedure was 
invariably carried out at the place of bleeding. Specimens pre- 
pared in this way at the slaughter-house or outside the city (e.g. 
camel blood) reached the laboratory within an hour, and in these 
cases the flasks were surrounded with ice during the period of 
transport. The determination of inorganic and hydrolyzable 
phosphorus was begun at once, and that for nucleotide before 
the end of the same day. The hematocrit was determined in a 
separate portion of the defibrinated blood in special 10 cm. 
graduated capillary tubes, and the corpuscle composition calcu- 


1 The hyena, jackal, wolves, and monkey were anesthetized by intraperi- 
toneal injection of amytal. Other animals were bled without anesthesia. 

2 In earlier experiments, which had to be discarded, separated corpuscles 
were analyzed. They were weighed in volumetric flasks and laked with 
water, but the breakdown of organic phosphorus was so rapid that the 
values for inorganic phosphorus became much higher than the usual normal 
for whole blood, especially in the experiments with turkey, goose, and pig. 
This was due partly to slow autolysis of the easily hydrolyzable phosphorus 
during centrifugation, but chiefly to a very rapid autolysis after laking 
(Barrenscheen and Braun, 1930). The loss of easily hydrolyzable phos- 
phorus in various bloods, laked and unlaked, was found to be as follows: 


Pig blood, unlaked...................... 7 %1ossin1 hr. 

Ta) PE ORRINR. Ae Acie Lc ceed 7% “ “1 min. 

a ee A ee 
” gh NE PR, CEP ER RP ee a. - SP Se 
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EEE PEELE Tee 11.5% ‘“ “ 23 hrs. 
me RRR e ee ae 50.4% “ * 2 * 
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Turkey blood, unlaked.................. a. * .* dim. 
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lated from the results of the analysis of whole blood, the minute 
amount of organic phosphorus in serum being considered negli- 


gible for the purpose of this study.* 

Total acid-soluble and inorganic phosphorus were determined 
by the methods of Fiske and Subbarow (1925). “‘Hydrolyzable”’ 
phosphorus was determined by heating at 100° in the presence of 
n HCI for a period of 7 minutes (Lohmann, 1928, a), after which 
the liberated inorganic phosphate was measured by the Fiske and 
Subbarow procedure. Nucleotide was determined by the method 
of Kerr and Blish (1932). All determinations were performed in 
duplicate or triplicate, except in a few cases where the material 
available was insufficient. 


DISCUSSION 


Examination of the data presented in Table I reveals a definite 
parallelism between the values for nucleotide and hydrolyzable 
phosphorus. When the averages for various species are consid- 
ered, the ratio of nucleotide to hydrolyzable phosphorus is found 
to vary between the extremes of 0.86:2 (buffalo) and 1.30:2 
(camel), but for most species lies close to 1:2, the ratio expected if 
the two components were in combination with each other as 
adenosine triphosphate. In a relatively small number of individ- 
uals the ratios varied widely from the mean, occasional values 
being as low as 0.53:2 (goat) and as high as 1.75:2 (ox). 

Provided the divergent ratios could be satisfactorily explained, 
the parallelism existing between nucleotide and hydrolyzable 
phosphorus in most of the specimens would suggest that the two 
fractions were combined as adenosine triphosphate. However, 
more direct evidence that all the nucleotide-is actually present as 
the triphosphate is found in the recent publication of Fiske (1934), 
who states that charcoal completely adsorbs the nucleotide from 
dilute aqueous solutions, that two-thirds of the phosphorus ad- 


3 Kay (1928) states that not more than traces of organic phosphorus are 
found in the plasma of pig, rabbit, rat, guinea pig, man, dog, horse, cat, 
sheep, ox, and goat. McCay (1931), however, found as much as 5 gm. 
per cent of organic phosphorus in the plasma of the pike. We studied 
chicken serum and in three specimens (each representing the mixed blood 
of three birds) found the average organic phosphorus to be 0.19 mg. per 
100 ce. 
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TaB.e I 


Distribution of Acid-Soluble Phosphorus in Blood of Various Vertebrates, 
* with Molar Ratio of Nucleotide to Hydrolysable Phosphorus 





Mg. P per 100 cc. whole blood 
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Dog (Canis 24.1/4.3/19.8 
familiaris) |24.8/4.9)19.9 
24.9/4.5/20.4 
28.7/4.5/24.2 
16.8/2.3)14.5 
Average 23.8/4.1/19.8 
Wolf (Canis 26.3/4.5/21.8 
lupus) 27 .3/4.1/23.2 
Average 26 .8)/4.3/22.5 
Jackal (Canis |17.5/6.2)11.3 
aureus) 
Hyena (Hyzna | 5.7/2.9) 2.8 
striata) 
Cat (Felis 12.4/6.5) 5.9 
domestica) 11.3/6.9) 4.4 
12.5/5.2| 7.3 
Average 12.1/6.2) 5.9 
Rabbit (Lepus |37.0/3.6/33.4 
cuniculus) |49.6/5.5/44.1 
37.3/4.2/33.1 
39.1/4.7|34.4 
43 .4/4.7/38.7 
Average 41.3)4.5/36.7 
Albino rat 25.8)3.2/22.6 
(Mus norve- |29.2)4.8/24.4 
gicus albinus) 
Average 27 .5|4.0/23.5 
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TaBLe I—Continued 
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Mg. P per 100 cc. whole blood 2 a f 
3| |2 |e : é |z 
— 2 g ea io ; 1 
sone 13! |e el 121 a3 lee [Eel 12 ‘ 
zle|s |~-| 3 E ag EF, |*-/- E f 
¢)/gi2 |25 3 $ 33 : = 1a ; 3 
3 5 e2\es|l co i) 3 B fi R 
2/5/88] 2/ 2) 2° || 4188] 2 | . 
Camel (Came- |19.9|5.5{14.4| 1.6)1.1 |11.7|1.38:2¢|23.2] 62.1] 6.9] 4.7|50.5 4 
lus dromed- |21.4/4.1/17.3} 1.8)1.2 |14.3/1.33:27/24.5| 70.6) 7.3) 4.9)/58.4 My 
arius) 16. 2|3.6)12.6) 1.4/1.1 |10.1)1.57:2f/22.4) 56.2) 6.3) 4.9)45.0 3 
17.9/4.9/13.0} 2.0/1.3 | 9.7/1.30:2 [24.1] 53.7) 8.3) 5.4/40.0 +] 
20.9)4.8/16.1) 2.6/1.6 |11.9]1.23:2 |27.2) 59.2) 9.6) 5.9/43.7 a 
20.2)4.9/15.3) 2.9)1.7 |10.7|1.17:2 |22.5) 68.0)12.9) 7.6)47.5 ¥ 
22.8)4.7/18.1) 3.1/1.7 |13.3}1.10:2 |26.0) 69.6)11.9) 6.5)51.2 ; 
Average 19.9/4.6)15.3) 2.2/1.4 |11.7/1.30:2 62.8) 9.0) 5.7/48.1 
Horse (Equus |24.6|2.4/22.2| 1.3/0.6 |20.310.92:2 |48.8) 45.5) 2.7) 1.2/41.6 3 
caballus) 18.0/2.1)15.9| 1.1/0.6 |14.2/1.09:2 |33.2) 47.9) 3.3) 1.8)42.8 : 
Average 21.3/2.3)19.1) 1.2/0.6 |17.3/1.01:2 46.7| 3.0) 1.5)42.2 : 
Ass (Equus 14. 4/1.8/12.6] 0.7/0.5 |11.4/1.43:2 |30.1) 41.8) 2.3) 1.7|37.8 7 
asinus) 14.6/2.7)11.9| 1.2/0.4 |10.3)0.67:2 |31.2) 38.1) 3.8) 1.3/33.0 4 
20.2/5.4|14.8| 0.8)0.5 |13.5]1.25:2 
Average 16.4/3.3)13.1) 0.9/0.5 |11.7/1.12:2 40.0) 3.1) 1.5/35.4 a | 
Mule 13.9}2.5)11.4/ 0.9/0.5 |10.0)1.11:2 |30.8) 37.0) 2.9) 1.6/32.5 
12.9/2.0)10.9} 1.1/0.5 | 9.3]/0.91:2 |20.2) 54.0) 5.4) 5.4/46.1 
Average 13. 4/2.3)11.2) 1.010.5 | 9.7/1.01:2 45.5) 4.2) 2.1/39.2 
Chicken (Gal- |25.5)3.2/22.3} 2.61.6 |18.1/1.23:2 |22.0)101.4)11.8) 7.3/82.3 
lus bankiva) |39.4/2.8/36.6| 3.9]1.6 |31.1/0.82:2 |38.2) 95.8/10.2) 4.2/81.4 
2.9 4.6/2.3 1.00:2 |41.9 11.0} 5.5 
2.2 2.6/1.7 1.31:2 [35.0 7.4) 4.9 
1.4 2.0)1.4 1.40:2 |24.0 8.3) 5.8 
Average 33 .0/2.5)31.5) 3.1/1.7 |26.7/1.15:2 98.6) 9.7) 5.5/83.4 
t The proteins were not precipitated until blood reached the laboratory, 
half an hour after the specimen was taken. 
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TaBLe I—Concluded 
























































Mg. P per 100 ce. whole blood 4 a 
g| |2 |s : a (3 

some Tl le (Sl 2] de lela (2 
Siale desl 2] @) sa 1b] lesl alt 
aie sa! 2 o 3S 2 Ss ry 
sla.|a.|si 2 sis a7 3 3 
a) 5/83/£8/ 5/2) 38 | £| bs | 28/3 | 2 
Bi/aio jo | 2] 5 Bis |o |2|5 

Turkey (Mel- 4.2 6.4 38.3 16.7 

eagris gal- |44.7|4.4/40.3) 7.9 40.0 19.8 
lopavo) 38.8)3.3)35.5) 6.0/3.7 |25.8)1.23:2 |37.2) 95.4/16.1) 9.9/69.4 
43 .2/3.4/39.8) 7.0/4.3 |28.5)1.23:2 |43.3) 91.9)16.2) 9.9/65.8 

35.0/3.5/31.5) 4.3/2.8 |24.4/1.30:2 
42.1/5.4/36.7| 6.4/3.9 |26.4)1.22:2 

Average 40 .8/4.0/36.8) 6.3/3.7 |26.8)1.25:2 93.7|17.2) 9.9/66.6 

Goose (Anser |57.2/5.1/52.1/12.0 55.9) 93.2/21.5 
domesticus) |52.1)5.1/47.0) 8.8)5.2 |33.0/1.18:2 |47.7| 98.6/18.5/10.9/69.2 
49.8|5.4/44.4) 9.2/5.3 |29.9)1.15:2 |40.0/111.0/23.0)13.3/74.7 
Average 53.0)/5.2/47.8/10.0/5.3 |32.5)1.17:2 100. 9/21 .0/12. 1/67.8 
Duck (Anas = /45.5/6.1/39.4/ 8.2/4.8 |26.4/1.17:2 |36.2|108.8/22.6|13.3/72.9 
boscas) 44.1/7.3/36.8) 7.8/4.8 |24.2)1.23:2 |32.8)112.2/23.8)14.7/73.7 
Average 44.8/6.7/38.1) 8.0/4.8 /25.3/1.20:2 110. 5/23. 2/14.0/73.3 
Sea-turtle 18.6)6.8)11.8) 4.4/2.4 | 5.0)1.09:2 |27.2| 43.4/16.2) 8.8)18.4 









































sorbed by this procedure from a protein-free filtrate of rabbit blood 
is hydrolyzed in 15 minutes by nN HCl, and that a quantity of 
adenosine triphosphate can be isolated equivalent to 95 per cent 
of the organic phosphorus adsorbed by the charcoal. 

It must be noted that the one value given by Fiske for the adeno- 
sine triphosphate content of blood (6.79 mg. of P per 100 ce. of 
rabbit blood) is only two-thirds of the average value (9.9 mg.) we 
obtained for the sum of nucleotide and hydrolyzable phosphorus 
in the whole blood of this species. However, the absence of any 
value for hematocrit in his experiment makes the comparison of 
little value. 

Among possible explanations of the variation of our ratios from 
the theoretical 1:2 required for pure adenosine triphosphate must 
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be included experimental error and the possible presence in variable 
quantity of relatively small amounts of non-nucleotide hydrolyz- 
able phosphorus compounds, as well as free adenylic acid or phos- 
phoric esters of adenosine other than the mono- and triphosphate. 
In blood with a low content of nucleotide and hydrolyzable phos- 
phorus small errors of analysis produce considerable distortion 
of the ratio, and it is actually in the bloods with low nucleotide 
that the widest variation and greatest irregularity were found 
(ox, goat, buffalo, ass). The ratios were also irregular in camel 
and chicken blood. In the former the ratios indicate the presence 
of some nucleotide containing less than three phosphate groups. 
The time required for defibrinating the blood of several chickens 
in order to obtain a sufficiently large pooled specimen may have 
permitted enough autolysis to account for the irregular and high 
proportion of nucleotide. 

In the blood of birds and the turtle also the proportion of nuc- 
leotide is somewhat in excess of that demanded for adenosine 
triphosphate, although no more so than in a number of specimens 
of mammalian blood examined. In the analysis of the blood of 
birds and reptiles exposure of the erythrocyte nucleus to a tri- 
chloroacetic acid concentration as high as 8 per cent may possi- 
bly result in hydrolysis of some nucleoprotein. If hydrolysis of 
the nucleic acid occurred, or if the nucleic acid escaped precipita- 
tion with the proteins, the proportion of nucleotide to hydrolyzable 
phosphorus would be appreciably increased, as actually found. 

In 73 out of 96 specimens analyzed, the quantity of hydrolyzable 
phosphorus was found to be slightly less than twice the nucleotide 
phosphorus. If Fiske’s observation (that in rabbit blood the 


‘It is, of course, recognized that the “hydrolyzable” phosphorus frac- 
tion originates not only from a partial hydrolysis of adenosine triphosphate 
but also from a partial hydrolysis of the other organic phosphorus com- 
pounds of blood. It should be noted that a 7 minute hydrolysis time was 
used in our determinations of the hydrolyzable phosphorus, whereas ac- 
cording to Fiske (1934) 15 minutes are required to convert two-thirds of 
the phosphorus of adenosine triphosphate to orthophosphate. A study of 
the hydrolysis curves of the organic phosphorus in dog and human blood 
indicates that the inorganic phosphorus liberated in 7 minutes hydrolysis 
is about 100 per cent less than the desired two-thirds of adenosine triphos- 
phate phosphorus, after the partial hydrolysis of other compounds is cor- 
rected for. However, even after addition of 10 per cent to the values 
for hydrolyzable phosphorus this fraction remains somewhat less than twice 
the value for nucleotide phosphorus in 60 per cent of the blood specimens. 
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nucleotide is present entirely as adenosine triphosphate) should be 
found to apply to all species, then our results would indicate that 
the organic phosphorus hydrolyzed in 7 minutes is entirely 
accounted for by adenosine triphosphate in 76 per cent of the 
specimens examined. In only a few of the remaining cases is the 
excess of hydrolyzable phosphorus significant as far as quantity 
is concerned. In these specimens the extra phosphate must have 
its origin in one or more non-nucleotide organic compounds which 
are at least partially hydrolyzed by the treatment used. This 
surplus of hydrolyzable phosphorus was found in three out of four 
specimens of pig blood, also in the blood of two wolves, one jackal, 
one monkey, and a few scattered individuals differing from others 
of the same species. 
Species Differences 


The content of nucleotide and hydrolyzable phosphorus varies 
greatly in the blood of various species. The averaged values for 
nucleotide phosphorus lie between a minimum of 1.4 mg. per 100 
cc. of corpuscles (hyena) and the maximum of 14.0 (duck), while 
the hydrolyzable phosphorus varies from 2.7 to 23.2 mg. per 100 
ec. of corpuscles. The proportion which the sum of these two 
fractions bears to the total organic acid-soluble phosphorus is, 
however, greatest in the case of the goat, where it represents 73.5 
per cent of the organic phosphorus. The undetermined fraction 
of organic phosphorus is at a minimum in the blood of the ox, goat, 
sheep, and buffalo, and at its highest concentration in the cor- 
puscles of bird, rabbit, and pig. 

Related animals occasionally show marked differences in blood 
composition. The camel’s blood contains far more organic phos- 
phorus, particularly the undetermined fraction, than that of the 
other ruminant artiodactyls. The chicken has a much lower con- 
tent of nucleotide and hydrolyzable phosphorus than the turkey, 
goose, and duck, but a higher content of the undetermined fraction. 
Among the carnivores also, considerable variation in blood com- 
position is found. The dog, wolf, and jackal are similar with 
respect to the level of nucleotide and hydrolyzable phosphorus, 
whereas the cat has somewhat less and the hyena a far lower con- 
tent. In the undetermined fraction also great differences are 
noted, the corpuscles of the dog and wolf containing 10 times as 
much as those of the hyena and 4 times as much as those of the cat. 
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Organic Phosphorus and Glycolysis 


Engelhardt and Ljubimowa (1930) found that the extent of 
glycolysis in the blood of different species varied in the same direc- 
tion as the amount of organic phosphorus broken down during 
autolysis of blood.? Barrenscheen and Braun (1930) pointed out 
that hemolysis and the resulting breakdown of “pyrophosphate” 
inhibit glycolysis. When the loss of “pyrophosphate” is reinter- 
preted as autolysis of adenosine triphosphate, the loss of glycolytic 
power is better understood, in view of the known réle of this sub- 
stance in the fermentation of carbohydrates. Meyerhof (1932) 
has suggested that the loss of glycolytic power in hemolyzed blood 
is more likely due to deaminization of adenylic acid than to loss 
of the organic “pyrophosphate,” since hemolysates prepared at 0° 
may lose their glycolytic power on warming to 37°, but suffer no 
diminution in the hydrolyzable phosphorus fraction. 

Barrenscheen and Vasarhelyi (1930) claim to have shown that 
the pyrophosphate content of the blood of different species varies 
in the same direction as the glycolytic power, with the exception 
of pig blood. They used for this comparison an arrangement of 
species suggested by Loeb (1913) in order of increasing glycolytic 
power. This arrangement, together with the values found by 
Barrenscheen and Vasarhelyi (1930) for the organic phosphorus 
hydrolyzed in 7 minutes, in mg. per 100 cc. of whole blood, is as 
follows: pig® (7.83) <sheep<ox (1.48)<dog (2.77). 

This seems rather meager information on which to draw the 
conclusion that there is “mit Ausnahme des Schweineblutes, ein 
auffallender Parallelismus zwischen der Héhe der Pyrophosphat- 
fraktion einerseits, dem glykolytischen Vermégen der einzelnen 
Blutarten andererseits.”- The conclusions of these authors, how- 
ever, find more support when their analytical data are compared 
with the extent of glycolysis in the blood of different animals as 
determined by Engelhardt and Ljubimowa (1930). Below is 
presented their arrangement of species in order of increasing 
glycolytic power, together with the average values found by 
Barrenscheen and Vasarhelyi (1930) for “pyrophosphate” in whole 
blood, and also our figures for the sum of nucleotide and hydrolyz- 


5 Glycolysis does not take place in pig blood, according to Engelhardt 
and Ljubimowa (1930). 
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able phosphorus (adenosine triphosphate) per 100 cc. of corpuscles 
for the same animals. 





Guinea pig 
Man 
| Rabbit 


x | § 
neh 


Ox 
| Goat 


‘» 
[9 











Barrenscheen and Vasarhelyi. 
Pyrohosphate in whole 
Renesas akin ade ames 7. 83/1. 48 2.77| 0.97) 4.98 | 5.85)5.42 

Kerr and Daoud. Nucleotide 


P plus ENN P in 
corpuscles. . ceceeeeees + [83.6 [5.4 | 5.9)10.9 | 4.5 [12.2 [18.3 [23.7 





























* See foot-note 5. 


According to the data presented in the first series, the pig (with 
no glycolytic power), horse, and man appear to be exceptions to 
the conclusion of Barrenscheen and Vasarhelyi that glycolytic 
power is parallel to “pyrophosphate” concentration. However,our 
data differ from theirs in that we find rabbit blood to contain 
considerably more hydrolyzable phosphate than does human 
blood. This difference becomes more pronounced when the com- 
position of the corpuscles rather than that of whole blood is ex- 
amined. As for the horse, the position assigned to it in the series 
in accordance with its glycolytic power would fall between ox and 
goat if the one very divergent value in the four experiments of 
Engelhardt and Ljubimowa (1930) were to be discarded. From 
an examination of our data it appears therefore that (with the 
exception of the pig and possibly the horse) the glycolytic power 
of blood varies in the same direction as the sum of nucleotide and 
hydrolyzable phosphorus, which we interpret to represent adeno- 
sine triphosphate. Glycolysis is, of course, dependent upon a 
number of factors other than adenosine triphosphate. As Meyer- 
hof (1932) has shown, the concentration of magnesium, the lactic 
acid-forming enzyme, and possibly also hexokinase play each a 
part in determining the rate and extent of glycolysis. 

Undetermined Phosphorus—Since the quantities of nucleotide 
and hydrolyzable phosphorus are small compared to the total 
organic phosphorus in the blood of most species (oxen,® sheep, 


* The value given by Lohmann (1928, b) for the organic acid-soluble 
phosphorus of ox blood (32.8 mg. of P per 100 cc.) is 10 times that of our 
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goats, and buffalo excepted), a large portion of the organic phos- 
phorus remains undetermined in our experiments. A considerable 
portion of this is composed of diphosphoglyceric acid. Greenwald 
(1925) isolated from pig blood 19.1 mg. of P per 100 cc. (42.9 per 
cent of the total acid-soluble P) in the form of the barium salt of 
diphosphoglyceric acid, whereas in our experiments on pig blood 
the undetermined phosphorus averaged 58.2 per cent of the total. 
Hence, about 15 per cent remains undetermined in pig blood. 
From human and dog blood, however, Greenwald isolated only 20 
to 22 per cent of the total phosphorus as diphosphoglyceric acid, 
while in our experiments 68 to 59 per cent remained undetermined. 
Further study of this fraction requires the development of methods 
for the determination of the diphosphoglyceric acid’ and the two 
compounds Posternak (1928) claims to have isolated, i.e. the mono- 
phosphoric ester of [-glyceric acid and a-ketotrihydroxyadipic 
diphosphate. 

Phosphocreatine—Although phosphocreatine has been reported 
absent from blood (Martino, 1928; Eggleton and Eggleton, 1929), 
a number of investigators apparently believe it to be present 
(Schwarz and Taubenhaus, 1931; Bomskov, 1932; Geréb and 
Laszlo, 1932). The last named authors found higher values for 
inorganic phosphorus when determined by the direct colorimetric 
method (phosphocreatine plus inorganic) than when the inorganic 
phosphate was determined by precipitation with magnesia mixture, 
and interpreted this difference as evidence of the presence of 
phosphocreatine. In view of this uncertainty it is worth while 
to state that we have confirmed the results of Eggleton and Eggle- 
ton, and in three experiments found not a trace of phosphocreatine 
in the blood of dogs. Our procedure was to take the blood directly 
into 10 per cent trichloroacétic acid (iced), the amount of blood 





determinations, while Barrenscheen and Vasarhelyi (1930) found approxi- 
mately 5 times as much as we did. Our analyses for thirteen oxen (per- 
formed by three different persons) show the organic phosphorus of the 
corpuscles to be lower than the values obtained by these workers for whole 
blood. Lohmann’s figures for ox blood resemble ours for the pig. Our 
data agree with those of Kay (1928). 

7™The method used by Jost (1927) for determining diphosphoglyceric 
acid is based on the incorrect assumption that this substance is the only 
organic phosphorus compound which forms a water-insoluble lead salt. 


ZO et hla 


ate esto mcrtivm tars s 


he ne ea ptr e re 


a 


sipeiaeitiels 


ee eee eee 


Ee det seaside ae 





cama aces " — —_— 
a haben teenies tackieentine Medan Se mete oA = wn itomabeg 


314 Acid-Soluble Phosphorus 


added being determined by difference in weight. The filtrate 
was neutralized at once, treated with 0.25 volume of 10 per cent 
CaCk saturated with calcium hydroxide, and then filtered to 
remove the precipitated inorganic phosphate. Acid molybdate 
(Molybdate II of Fiske) was added, and after allowing half an 
hour for hydrolysis of phosphocreatine, the aminonaphtholsul- 
fonic acid reagent was added. No visible blue color could be 
detected, indicating complete absence of phosphocreatine. As an 
additional check, a quantity of phosphate equal to that in the 
standard was added to the calcium filtrate, with the result that in 
the colorimeter standard and unknown were identical. 


SUMMARY 


1. The blood of twenty-four species of vertebrates was analyzed 
for organic acid-soluble phosphorus, purine nucleotide, and the 
fraction of organic phosphorus hydrolyzed in 7 minutes at 100° 
by normal acid. The concentration of these fractions in the 
erythrocytes was determined by calculation from cell volume. 

2. In 76 per cent of the blood specimens the quantity of nucleo- 
tide was sufficient to account for all the “hydrolyzable” phos- 
phorus as adenosine triphosphate. In relatively few of the remain- 
ing cases was the hydrolyzable phosphorus in sufficient excess of 
that calculated as adenosine triphosphate to indicate the presence 
of other easily hydrolyzed compounds of phosphorus. The sum of 
nucleotide and hydrolyzable phosphorus (which we interpret to 
represent adenosine triphosphate) ranges between 4 and 37 mg. 
of phosphorus per 100 ce. of corpuscles, representing 10 to 74 per 
cent of the organic acid-soluble phosphorus. 

3. With the exception of pig and possibly horse blood, the gly- 
colytic power of the blood of various species varies in the same 
direction as the content of adenosine triphosphate. 

4. Phosphocreatine, reported present in blood by certain au- 
thors, we find to be absent from dog blood. 
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COMPLEX SALTS OF AMINO ACIDS AND PEPTIDES 


I. METAL COMPLEX SALTS OF GLYCINE AND THEIR 
SPECIFICITY 


By MAX BERGMANN anp SIDNEY W. FOX 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, January 21, 1935) 


The mixtures of amino acids resulting from the hydrolysis of 
proteins and similar substances may be analyzed by the well 
known methods of Kossel and Kutscher, Fischer, Dakin, Van 
Slyke, Osborne, Vickery, and others. However, after hydrolyzing 
proteins with enzymes, one is faced with the difficult problem of 
determining the resultant amino acids and peptides without the 
occurrence of secondary splitting in the course of the analysis. To 
overcome this difficulty it is necessary to find stable metal complex 
salts capable of precipitating single amino acids or peptides. In 
this paper a reagent for glycine, to begin with the simplest amino 
acid, is described. 

It was found that the long known and readily available potas- 
sium trioxalatochromiate (I) reacts with glycine. 


[Cr(C.0,)3]K; + 3H,0 
I 


It forms several well crystallized double salts containing both 
glycinium and potassium as cations. In the presence of hydro- 
chloric acid in water-aleohol solution, the compounds (II) and 
(III) were found. 


[Cr(C204)3 }oKis(C2Hs0.N)9-HCl [Cr(C,04)s ]sKis(C,Hs0.N);-3H,0 
II III 


Compound (II), which contains glycine and chromium complex in 
equivalent amounts, results from solutions containing an excess of 
glycine. Without this excess, products usually result which have 
317 
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the peculiar ratio of 5 equivalents of glycine to 6 chromium com- 
plex radicals as in (III). 

Werner (1), studying in 1914 the reaction of glycine with potas- 
sium trans-dioxalatochromiate, obtained two compounds each of 
which, in contrast to ours, contained glycine inside the chromium 
complex. But the method of preparation and the general char- 
acteristics of these make them unsuitable for our purpose. 

Pfeiffer (2) prepared a great number of addition compounds from 
amino acids and simple inorganic neutral salts. The glycine 
compounds described in the present paper are not addition com- 
pounds; they contain glycine as cation partly replacing the potas- 
sium ions of a neutral salt. Furthermore, Pfeiffer’s salts were 
compounds of alkaline or alkaline earth halides with any of the 
following: glycine, sarcosine, alanine, glycylglycine, diglycylgly- 
cine, triglycylglycine, alanylglycine, betaines, and diketopiper- 
azines. 

We tried in vain, however, to place amino acids other than 
glycine in combination with potassium trioxalatochromiate.! Ap- 
parently, glycine is the only amino acid which forms a potassium 
trioxalatochromiate under the prevailing conditions. From 
hydrolysates of gelatin and keratin only glycine was precipitated 
as potassium trioxalatochromiate; other amino acids were not 
obtained in demonstrable quantities. This makes possible an 
estimation of glycine in hydrolysates of proteins and similar sub- 
stances. The method which has been developed for this will be 
described in a later communication. 

The selective behavior of potassium trioxalatochromiate towards 
glycine is unexpected. In complex chemistry generally, homolo- 
gous substances give analogous compounds; e.g., the fatty acids 
form a series of choleic acids; the amino acids form the numerous 
neutral salt compounds mentioned above. Phosphotungstic acid 
and Reinecke salt are metal complexes reacting with several 
different amino acids. If a mixture of amino acids is allowed to 
form salts with an acid, it is to be expected that most of the amino 
acids participate in salt formation. Here, however, glycine seems 
to be the only natural amino acid forming a salt and therefore one 
can speak of the specificity of potassium trioxalatochromiate for it. 


1 Even a-aminoisobutyric acid, which resembles glycine in its symmetry, 
does not form a compound with salt (I). 
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The characteristics of the complex required for this specificity 
were next examined. It was found that the well known potassium 
trioxalatoferriate (IV) and potassium trioxalatocobaltiate (V) also 
give a number of compounds with glycine, which are described in 
the experimental section. As regards constitution, they are 
analogous to the chromium compounds. 


[Fe(C.0,)3]K;-3H,0 [Co(C20,)3]K;-3H,O0 
IV V 


The iron derivatives with glycine are light, the cobalt dark green; 
both, like the greenish lilac chromium compounds, are dichroic. 
The cobalt compounds are characterized by their sensitivity to 
light and heat. 

Glycine has been repeatedly separated from gelatin hydrolysates 
with the aid of these iron and cobalt salts. The selective affinity 
of the trioxalato metal complex towards glycine is therefore not 
altered by changing the central metal atom. The special nature 
of this metal atom is of secondary importance, for it acts only as 
the nucleus holding together the three oxalato groups. The outer 
region occupied here by these three oxalato groups determines the 
selective affinity for glycine. 

It may be pointed out further that the nature of the cations, 
which are present in solution besides glycine, is important. The 
formation of a glycine-containing precipitate occurs only in the 
presence of other cations which can form with glycine and the 
trioxalato complex a sufficiently insoluble salt. In our experi- 
ments the potassium ion is capable of forming a glycine-containing 
oxalatochromiate. The ammonium may also; but not sodium. 
In treating glycine solutions with Na;[Cr(C,0,)3]-43H:0, all 
efforts to obtain a glycine-containing precipitate were negative. 
Even the glycine-containing precipitate obtained with the tripo- 
tassium salt is more or less redissolved after addition of sodium 
chloride. It does not suffice merely to have trioxalato metal, 
potassium, and glycine ions in solution to precipitate glycine; the 
other ions present may also affect the precipitation. There is a 
competition of several ions seeking equilibrium, which, under 
proper conditions, may lead to a specific precipitation of glycine. 

In considering the specific precipitation of glycine, we may draw 
distinction between the specific reagent (trioxalato metal ion), the 
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supporting agents (e.g., K+), and inhibiting agents (e.g., Nat). 
The inhibitor functions by replacing the supporting agent and 
glycine in their combination with the specific reagent. Calcium 
and barium are more effective inhibitors than sodium. Barium 
forms with the tripotassium salt the compound [Cr(C.0,)3]KBa. 
2H:0 which is not inclined to exchange its potassium or barium for 
glycine. When glycine potassium trioxalatochromiate is treated 
with 1 molecular equivalent of barium chloride, there immedi- 
ately results the nitrogen-free KBa salt. 

The distinction between specific, supporting, and inhibiting 
reagents exists in many biological specificity reactions. As 
examples there may be recalled the hemoglobins and enzymes 
which, according to Willstitter’s theory, are composed of an active 
part and a so called carrier substance. It cannot be stated today 
whether or not similar phenomena occur in serological specificity 
reactions.” 


We wish to acknowledge our indebtedness to Dr. A. Elek and 
Mr. J. L. Goldberg for making the analyses and to Dr. W. F. Ross 
for his assistance in preparing the manuscript. 


EXPERIMENTAL 


Hydrochloride of Potassium Trioxalatochromiate—If glycine or 
protein hydrolysates are treated in hydrochloric acid solution 
with tripotassium trioxalatochromiate, a nitrogen-free product is 
usually formed, which later changes into the glycine salt described 
below. The first product results from the action of HCl on the 
tripotassium salt. 

2 gm. of tripotassium salt, when covered with 5 cc. of 2 Nn HCl, 
dissolved and soon the separation of well formed dichroic crystals 
began. The yield was increased by the addition of 5 cc. of alcohol. 
1.8 gm. were obtained. The product was recrystallized by dis- 
solving in 20 cc. of cold 2 N HCI and adding alcohol. 

[Cr(C,0,); ]<Ki2-2HCI1-22H,0 

Calculated. C 13.1, H 2.1, Cl 3.2, K 21.3, H,O 18.0 


Found. 13.2, “2.2, “ 3.4, “20.9, “ 17.7 
“ 18.2 





? Cf. Landsteiner, K., Die Specifitét der serologischen Reactionen, 
Berlin, 50-90 (1933). 
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Salt of Glycine with Potassium Trioxalatochromiate. From 
Glycine—The constitution of the resulting compound depends 
upon whether an excess of glycine is used. 

7.5 gm. of glycine were dissolved in 60 cc. of 2 N HCl, treated 
with 10 gm. of tripotassium salt (I), filtered, and 60 cc. of alcohol 
added. The rosettes of flat prisms which formed were filtered off 
after standing a short while. Without being washed, they were 
dried on a porous plate. 

[Cr(C204)s]9Kis(C2HsO2N) »- HCl 


Calculated. C 20.2, H 1.4, N 3.0, K 16.5, C1 0.8 
Found. “19.9, “1.4, “3.0, “ 16.7, “ 0.7 


Although 5 molecules of glycine were present for each chrome 
complex, only one amino acid per chrome complex entered into 
the crystal. In the following experiments a 1:1 ratio of glycine 
to chrome complex was chosen; the proportion of amino acid in 
the crystal was, as a result, smaller. 

1 gm. of glycine was dissolved in 25 cc. of 0.5 n HCl and 8 gm. 
of tripotassium salt were added. After shaking the flask for 
several minutes, 35 cc. of absolute alcohol were slowly added. 
The product consisting of microscopic needles was filtered after 
several hours. The yield was about 7 gm. It was recrystallized 
from 40 cc. of 0.1 N HCl by adding 50 ce. of absolute alcohol. The 
precipitation was controlled by observation under the microscope. 
Inasmuch as blue prisms appeared with the green needles of the 
glycine compound, the product was recrystallized for analysis. 
In this and the following cases, only products which appeared 
entirely homogeneous under the microscope were used for analysis. 


[Cr(C2O4)s ]eK1s(C2HsO2.N);-2H,0 
Calculated. C 19.6, H 1.3, N 2.5, K 18.0, H,O 1.3 
Found. =“ 19.7, “1.4, “2.5, “179, “ 11 


The water content varies with the atmospheric humidity; salts 
with 3H,O and 4H,0 were occasionally obtained. The prepara- 
tions described contained at least 0.3 per cent Cl. Somewhat 
greater proportions were found when the precipitation and recrys- 
tallization of the glycine compound were conducted in an excess 
of n HCl. 


Found in crude product. C 19.7, H 1.4, N 2.5, Cl 0.6 
“« “ yeerystallized product. “‘ 19.8, “ 1.5, “ 2.5, “ 0.5 
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From Gelatin Hydrolysate—5 gm. of gelatin (15 per cent H,0) 
were refluxed for 10 hours with 15 ce. of concentrated HCl. The 
solution was evaporated in vacuo and twice again treated with 10 
ec. of H,O and evaporated. After being decolorized in water with 
charcoal, it was evaporated to 15 cc. 8 gm. of tripotassium salt 
and 15 cc. of 2 Nn HCl were now added, and after being shaken for 
10 minutes 40 cc. of alcohol were added in portions. The dark 
N-free crystals, which first formed, soon changed into the green, 
microscopic needles of the glycine compound. After several hours 
the filtered crystals were washed with a solution of 1 part of con- 
centrated HCl to 3 of alcohol, and dried on a porous plate; yield, 
6.1 gm. 

For analysis the material was twice dissolved in N HCl and 
precipitated with alcohol. 


[Cr(C204)3 ]sKis(C2Hs02N)5-3H20 
Calculated. C 19.5, H 1.3, N 2.5, K 17.9, H,O 1.9 
Found. “198, “14, “25, “176, “ 1.9 


To confirm the presence of glycine, 5 gm. of the above trioxala- 
tochromiate in aqueous solution were treated with 3 gm. of MgO 
and 2.8 gm. of benzoyl chloride. The precipitate formed with 
concentrated HCl was dried and washed with CCl. 1.4 gm. (80 
per cent of theory) were obtained. After recrystallization from 
water the melting point was 186—187° (uncorrected). Calculated, 
N 7.82; found, N 7.62. 

Salt of Glycine with Potassium Trioxalatocobaltiate—There 
usually was formed a mixture of different glycine salts, and it 
proved difficult to isolate a homogeneous product. The crystal- 
lization often requires a day or more and in this time partial 
decomposition occurs even in the dark. Several procedures for 
preparing fairly homogeneous products are given. 

From Glycine—7 gm. of tripotassium trioxalatocobaltiate, a 
great excess of glycine (5 gm.), and 38 cc. of 2 N HCl were shaken 
to effect as complete solution as possible. After being filtered the 
solution was treated with 50 cc. of aleohol, upon which dark green, 
flat prisms formed besides a very small quantity of needles. After 
15 minutes they were filtered and dried on a porous plate in the 
dark. Yield, 7.2 gm. 
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[Co(C204)s }»Kis(C2Hs02N) »- HCl(?) 
Calculated. C 19.8, H 1.3, N 2.9, K 16.2, C108 
Found. “ 20.0, “ 1.6, “2.9, “ 16.8, “ 0.6 


The analytical figures are not very exact because these complex 
salts may not be purified. On washing or recrystallization they 
may undergo great changes in composition. Therefore, this and 
several of the following formulas are given with reservations. 

From Gelatin Hydrolysate—15 gm. of gelatin were hydrolyzed 
with HCl and, as above, brought to a volume of 35 cc. After 
being shaken for 10 minutes with 15 gm. of tripotassium trioxala- 
tocobaltiate, the solution was filtered off and the filtrate treated 
with 35 ec. of absolute alcohol. The resulting crystals changed 
rapidly into clusters of uniform, dark green prisms. After 45 
minutes a small amount of colorless crystals, probably oxalate, 
appeared in the mass. To dissolve this, a mixture of 15 cc. of N 
HCl and 15 ce. of alcohol was added. The solid was then filtered 
off and dried in the dark on a porous plate. Yield, 7.2 gm. 


[Co(C204)3 ]2K4(C2H602N)2- HC1(?) 
Calculated. C 19.4, H 1.6, N 2.8, Cl 3.7 
Found. “Oa “16, 7Se. 7 OA 


In order to prove the presence of glycine by transforming it into 
hippuric acid, it was necessary in this case to remove most of the 
cobalt complex as barium salt before benzoylation. Hippuric 
acid was obtained in a yield of 85 per cent of the theoretical. 

At another time the hydrolysate of 15 gm. of gelatin was treated 
with 6 gm. of tripotassium trioxalatocobaltiate and gave a glycine 
compound quite different from the above. The product was 
recrystallized from 60 cc. of 0.5 Nn HCl by adding 60 cc. of absolute 
alcohol. The green needles formed were filtered immediately and 
dried in the dark at 6° on a porous plate. Yield, 1.85 gm. 


[Co(C204)s ]4Kii1(C2:HeO2N)-14H,O0 
Calculated. C 15.2, H 1.7, N 0.7, H,O 12.3 
Found. “ 15.3, “1.6, “0.7 


Since the salt slowly decomposed on heating, the water content 
could not be determined accurately, but was estimated to be 12 
to 13 per cent (calculated, 12.3 per cent). 
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Salt of Glycine with Potassium Trioxalatoferriate. From 
Glycine—A solution of 5 gm. of glycine and 7.5 gm. of tripotassium 
trioxalatoferriate in 40 cc. of 2 Nn HCl was filtered and treated 
with 40 cc. of absolute alcohol. The microscopic prisms which 
formed were removed after 15 minutes and dried on a porous plate 
in the dark. Yield, 7 gm. 


[Fe(C204)s]6K12(C2Hs02N).- HCl-H,0(?) 
Calculated. C 19.9, H 1.3, N 2.9, Cl 1.2, K 16.3, H,O 0.6 
Found. “OS “14 "84" 14,° RR <~ OS 


Without an excess of glycine, a ratio of 5 equivalents of glycine 
to 6 metal complex radicals was found. 

2 gm. of glycine and 15 gm. of tripotassium salt were dissolved 
in 50 ce. of 2N HCl. 50 cc. of alcohol were added. On standing 
overnight six-sided plates, which overlay one another, were ob- 
tained. Yield, 14 gm. 


[Fe(C204)s ]s6Kis3(C2H,O.N);-HCl-4H,O 
Calculated. C 18.9, H 1.3, N 2.4, Cl 1.2 
Found. "RA “ie “2a, “19 


From Gelatin Hydrolysate—The hydrolysate of 10 gm. of gelatin, 
brought to 20 ce. volume in the usual manner, was treated with 7 
gm. of tripotassium trioxalatoferriate. The solution was warmed 
gently to dissolve all, filtered, and treated with 10 cc. of alcohol. 
After a few minutes the whole mass was a paste of prisms which 
were recrystallized from Nn HCl with alcohol. The resultant light 
green crystals were dried on a porous plate in the dark. Yield, 
5 gm. 


[Fe(C204)s ]2K4(C2H.O.N).2- HCl. Calculated. N 2.9, K 15.9, Cl 3.6 
Found. + “SA "Bs “ 23 


The glycine in this salt was converted into hippuric acid as with 
the cobalt salt. The yield was 75 per cent of the theoretical. 
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ON PROTEOLYTIC ENZYMES 
V. ON THE SPECIFICITY OF DIPEPTIDASE* 
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In recent years it has become possible to synthesize peptides of 
any desired amino acids and thus to obtain a wide selection of 
substrates for the investigation of the specificity of the proteolytic 
enzymes. It was found that dipeptidase splits all dipeptides 
corresponding to this general structure. 


a’-hydrogen A 


co— ~~ 


e 





go 
peptide hydrogen 


Thus it is essential for dipeptidase action that the substrate shall 
contain the peptide linkage, a free carboxyl, and an amino group. 
The carboxyl must be situated on the carbon atom next to the 
peptide nitrogen; the amino group must be on the carbon next to 
the peptide carbonyl. Thesé results are in agreement with the 
conclusions drawn by Grassmann for the dipeptides of the simple 
amino acids (2). The peptide hydrogen is also essential (cf. Le- 
vene and Simms (3), Abderhalden et al. (4), and Bergmann et al. 
(5)). Finally, all dipeptides of natural amino acids have a- and 
a’-hydrogen in a definite spatial arrangement. If one of these 2 
hydrogen atoms is missing, dipeptidase action is either completely 
or partly inhibited. 

*For Paper IV of this series see (1). 

t Fellow of the Rockefeller Foundation. 
325 

















need rt @ 


Lae tese 


ee eee oe we lee > Eapipen~ 






fs eae 





326 Proteolytic Enzymes. V 


In the experiments here reported further information regarding 
these criteria of specificity has been obtained. 

The essential character of the amino group had been drawn from 
the finding that N-acylated dipeptides were not split by dipepti- 
dase. Upon acylation the basic character of the amino group is 
removed but is retained when an alkyl group is introduced instead 
of the acyl residue, as in sarcosylglycine which was first studied by 
Levene and his coworkers (6). We have examined the splitting 
of N-methyl-dl-leucylglycine (I), studied by Abderhalden and his 
coworkers (4, 7), because the methyl-free leucylglycine is very 
easily split and is therefore employed as a sensitive test substrate 


TaBLe I 
Splitting with Glycerol Extract of Intestinal Mucosa 














Substrate Time Hydrolysis 

hrs. per cent 
dl-Leucylglycine 1 70 
23 86 
dl-Leucylglycylglycine 1 78 
23 109 
Chloroacetyl-l-tyrosine 24 2 
N-Methyl-dl-leucylglycine 2 4 
33 2 
Sarcosyl-l-tyrosine 2 1 
34 2 





for dipeptidase. In agreement with Abderhalden’s results, we 
could find no splitting with erepsin under the usual experimental 
conditions (Table I). A similar finding was obtained in the case 
of sarcosyl-l-tyrosine (II). Dipeptidase from intestinal mucosa 
requires, therefore, the complete NH, group in the substrate and 
the basicity of the nitrogen is not in itself sufficient. 


WH CH, WH-CH, COOH 
1 ' t 
(CH )2*CH*CHg*CH-CO——WH-CHe-COOH CHg+CO—— NH.CH.CHie «>a 


I II 


The necessity of the free carboryl in the peptide for dipeptidase 
action has been the subject of much research. Grassmann and his 
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coworkers (2) have demonstrated the essential character of the 
carboxyl group for the action of yeast dipeptidase. We have 
assumed the same for dipeptidase from intestinal mucosa and have 
never found in our experiments any evidence to the contrary. 
However, Balls and Kohler (8) have reported from the laboratory 
of Waldschmidt-Leitz that dipeptidase from intestinal mucosa 
splits dipeptides of aromatic amines. According to these investi- 
gators the enzyme is thus able to split glycyl-p-aminobenzoie acid 
(III) and glycyl-p-nitraniline (IV) but not glycyl-o-aminobenzoic 


- = ™ ” 
Caq.co——ae< coon HarCO—C Yeo. .co $e _> 


III tv v 

acid (V). None of these dipeptides bears a carboxyl group on the 
carbon atom attached to the peptide nitrogen. Peptide (IV) has 
no free carboxyl group at all. 

Waldschmidt-Leitz and Balls (9) explain these results by attrib- 
uting to the carboxyl group of glycyl-o-aminobenzoic acid an 
inhibiting effect on the enzyme. In the hydrolyzable p compound 
the carboxyl group is further removed, therefore the inhibition 
cannot occur. There can be no doubt that such inhibition by the 
carboxyl group is difficult to understand in an enzyme which, like 
dipeptidase, is capable of splitting compounds which have the 
peptide linkage and the carboxyl group in close spatial proximity. 
These results fit an enzyme which, like aminopeptidase, is inhibited 
by a free carboxyl in the vicinity of the peptide linkage of the 
substrate. It has been possible for us to demonstrate that amino- 
peptidase is indeed the active principle in this case. 

Balls and Kohler employed for their observations a mixture of 
ereptic enzymes which contained, besides dipeptidase, much 
aminopeptidase. They did not perform experiments with homo- 
geneous dipeptidase. We have repeated their experiments with 
yeast dipeptidase and have found that it is entirely inactive. On 
the other hand, it was possible to split glycyl-p-nitraniline as well 
as glycyl-p-aminobenzoic acid with aminopeptidase from intestinal 
mucosa (Tables II and III). It is therefore evident that if erepsin 
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TaBLeE II 
Hydrolysis of Glycyl-p-Nitraniline 


V 





Glycerol extract of 
intestinal mucosa 


Aminopeptidase 


Yeast dipeptidase 








Substrate 
Time — Time — Time — 
hrs. per cent hrs. per cent hrs. per cent 
dl-Leucylglycine 1 100 li 1 1 58 
3 100 
dl-Leucylglycylglycine 1 80 1} 32 1 1 
3 77 
Glycyl-p-nitraniline* 2 9 3 6 23 1 
5 24 7 7 5 0 
20 40 20 11 20 0 























* The amination of chloroacetyl-p-nitraniline (8) was carried out with 
ammoniacal methyl alcohol for 48 hours. After evaporating down the 
solution, the residue was dissolved in a measured volume of n HCl, filtered, 
and the peptide precipitated from the filtrate with the calculated quantity 
of n NaOH. Yellow needles, difficultly soluble in water, with a melting 
point of 167° (corrected), were obtained. The material was titrated in 
0.3 ce. aliquots. During hydrolysis the color changed from light yellow 
(peptide) to deep yellow (nitraniline). 











Taste III 
Hydrolysis of Glycyl-p-Aminobensoic Acid 
Glycerol extract Aminope Yeast 
of intestinal eal Mn 
etediiine ae tidase dipeptidaset 
Time |My) Time |H¥drol-| Time |Hydrel- 
hrs. |per cent| hrs. |per cent| hrs. |per cent 
dl-Leucylglycine 1 77 1} 1 2 83 
dl-Leucylglycylglycine 1 80 13 | 32 2 7 
2 102 77 7 38 
Glycyl-p-aminobenzoic acid| 2 19 3 7 3 0 
6 45 6 10 7 0 
5 69 20 20 























*0.3 cc. of extract was employed. 
+7 mg. of dry preparation were employed. 
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hydrolyzes these two dipeptides, as in the experiments of Balls and 
Kohler, the hydrolytic action is to be attributed to the aminopepti- 
dase. Since the only experimental support for a difference in 
specificity for dipeptidase from yeast and intestinal mucosa has 
disappeared, it may now be stated without reservation that dipep- 
tidase splits only those dipeptides which bear a free carboxyl group 
on the same carbon as the peptide nitrogen. 

For the stereochemical aspect of dipeptidase action the peptide 
hydrogen, as well as the a- and a’-hydrogens, is of fundamental 
significance. It was pointed out above that the peptide hydrogen 
is essential for enzymatic hydrolysis by dipeptidase. We assume 
that this hydrogen atom becomes rearranged under the influence 
of the enzyme in such a way that the amide form of the dipeptide 
is changed to the imide form, —CO—NH— -» —C(OH) = N—. 
The imide form makes possible two different spatial arrangements 
of the carbon-nitrogen double bond. 

« mf 


Vn ee 1 — 
ar cosa’ . 


R* 40 


VI-a VI-b 


In isomer (VI-a) the amino and carboxyl groups lie in the closest 
possible proximity, whereas in (VI-b) they are distant from each 
other. We are of the opinion that during dipeptidase action 
dipeptides exist in the configuration (VI-a) so that there results a 
hexagon, whose corners are formed by the carboxyl group, a-car- 
bon, peptide nitrogen, carbon of the peptide bond, a’-carbon, and 
amino group. The simultaneous combination of the carboxyl and 
the amino group with the enzyme restricts the free rotation within 
the peptide and confers upon the hexagon a rigid structure. The 
six corners of the hexagon must lie nearly in a single plane and we 
shall fall into no great error if we draw the hexagon as a plane and 
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refer to it as such in what follows. However, the 2 a-hydrogen 
atoms and the side chains R and R’ are not situated in the plane 
of the hexagon but in a way similar to that of the substituents in a 
partially hydrogenated benzene ring.! The spatial configuration 
of the naturally occurring optically active amino acids is such that 
their a-hydrogen atoms lie in cis position in the dipeptide hexagon, 
the same being the case for the side chains R and R’. On the 
one side of the hexagon plane there are therefore the two volum- 
inous side chains R and R’ which do not allow the enzyme to 
approach the hexagon plane from this side, thus preventing com- 
bination with the reactive groups of the dipeptide from this side. 
On the other side of the hexagon plane there are only the 2 a-hydro- 
gen atoms which have only a small atomic volume. We are 
therefore of the opinion that the enzyme approaches that side of 
the hexagon upon which the 2 a-hydrogen atoms are situated and 
that this condition determines the stereochemical selectivity of 
dipeptidase. 

This view leads to the problem as to whether the 2 a-hydrogen 
atoms enter into active combination with dipeptidase or merely 
favor the action of the enzyme because of their small volume. 
The second possibility seemed the more probable one. 

In order to decide this question we have investigated the follow- 
ing dipeptides with dipeptidase. 


CH, ££ E3 
\ _— Mle HOOK _— Mie HOOC—__ 
| ome \ | ee \ 
CHy CH, CH 
Glycyl aminoisobutyric acid l-Alanyl aminoisobutyric acid 
VII VIII 





1 In analogy to the Haworth formula of pyranosides, in formulas (VI-a) 
to (XVI) the heavy lines represent valences in front of the plane of the 
paper while the light lines represent valences behind the plane of the paper. 
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z 5 
leaker ai 
 - —a—\ hx — 
af — % 
Aminoisobutyryl glycine Glycyl-l-alanine 
m x* 

CH z 
\ em a a p __—in #OOC_ / 
H E CH, Ez 

d-Alanyl glycine l-Alanyl glycine 
xI XxIL 


Abderhalden and Zeisset (10) found no splitting for dipeptide 
(VII) with erepsin but did observe hydrolysis in the case of (VIII) 
and of (IX), without stating which component of the erepsin was 
the effective agent in the splitting. We found hydrolysis by 
erepsin from intestinal mucosa for all three dipeptides. We found 
further that an active and homogeneous preparation of amino- 
peptidase from erepsin was entirely inactive toward these three 
dipeptides. Finally, we noted an appreciable splitting of all three 
dipeptides with a dry preparation of yeast dipeptidase. It was 
smallest in the case of (IX), where the aminoisobutyric acid bears 
the amino group (Tables IV to VI). 

These experiments show that dipeptidase can also act on dipep- 
tides of amino acids which have no a-hydrogen but in its place a 
methyl group. The substitution of methyl for hydrogen on the 
side of the hexagon approached by the enzyme does not prevent 
the splitting by dipeptidase completely, but merely slows it down. 


* Since all natural amino acids have the same spatial configuration and 
belong to the so called / family, we designate them as / compounds and their 
antipodes as d compounds regardless of their optical behavior. 








332 Proteolytic Enzymes. V 


This is particularly clear When peptides (VII) and (IX) are investi- 
gated under the same conditions as glycyl-l-alanine (X) and l- 
alanylglycine (XII). The two last named peptides differ from 
(VII) and (IX) only in the fact that in place of the methyl groups 
on the upper side of the hexagon there are hydrogen atoms. 


























TaBLe IV 
Hydrolysis of Peptides of a-Aminoisobutyric Acid 
Glycerol extract of Amino- Yeast 
intestinal mucosa peptidase | dipeptidase* 
< a 
elelelalelalé 
& = = - m =) q 
hrs } aA pao hrs. p na hrs. Jos 
dl-Leucylglycine 2 | 95 | 90 23) 3 
Glycylglycine 1 71 
dl-Leucylglycylglycine 2 | 90 | 92 | 24 | 96 
Chloroacetyl-l-tyrosine 1 1 
Glycylaminoisobutyric acid 5 5 3 3 3 4 
8 21 6 3 6 8 
84 | 13 10 | 12 
Glycyl-l-alanine 2 60 
4 79 
l-Alanylaminoisobutyric acid 34 | 62 3 0 1 16 
5 | 77 53 | 0 3 | 35 
62 | 89 10 45 
Aminoisobutyrylglycine 3 | 22) 2] 8 0 3 | 25 
5 | 38 5 0 6 | 31 
6 51 10 38 
7 43 
l-Alanylglycine 3 65 
6 91 


























*4 mg. (0.4 peptidase unit) of dry preparation were employed per 1 cc. 
of reaction mixture. 


At this point our experimental results and interpretation con- 
flict with a specificity law whose general validity was held to be 
quite firmly established. It was stated that dipeptides containing 
only one antipode of a natural amino acid are not split by dipepti- 
dase (11). Our proposed theory of the mechanism of dipeptidase 
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action requires, however, that certain exceptions to this rule 
should be observed. For example, /-leucyl-d-alanine (XIII) is 
composed of the natural /-leucine and the antipode of the natural 


TABLE V 
Inhibition of Dipeptidase Action by Alanine. Glycerol Extract of Intestinal 
Mucosa Was Employed 
0.1 mm of dl-alanine was added to each reaction mixture. 























; Hydrolysis 
Substrate Time 
No alanine Alanine 
hrs. per cent per cent 
Glycylglycine 1 30 18 
2 59 34 
l-Alanylaminoisobutyric acid 2 36 24 
4 67 35 
Aminoisobutyrylglycine 2 18 14 
4 29 16 
Tasie VI 


Poisoning of Enzymatic Action of Extract of Intestinal Mucosa with HCN 
3 mg. of HCN were added to each reaction mixture. 














Hydrolysis 
Substrate Time 
Without HCN | With HCN 
hrs. per cent per cent 

Glycylglycine 4 79 7 
, 6 7 

l-Alanylaminoisobutyric acid 3 0 
5 77 0 

Aminobutyrylglycine 3 22 0 
5 38 0 











alanine. Its hexagon shows on its upper face precisely the same 
arrangement as in the two peptides (VII) and (VIII) of aminoiso- 
butyric acid. 
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cH, =x E 
Ce E CHe CH, 
te be 
JN /\ 
CH, CHa CH, CH, 
1-Leucyl-d-alanine 1-Leucyl-l-alanine 
XIII xIy 


Since this is, however, the side of the hexagon upon which, 
according to our view, dipeptidase combines with the substrate, 
the enzyme should be able to combine with [-leucyl-d-alanine and 
thus split it. Similarly, d-alanylglycine (XI) should be hydro- 
lyzed. Experiments with yeast dipeptidase have confirmed this 
expectation and shown further that /-leucyl-d-alanine is split more 
rapidly than the sluggish glycylglycine, but more slowly than 
l-leucylglycine or J-leucyl-l-alanine (XIV). Hydrolysis was also 
obtained in the case of [-leucyl-d-alanine with erepsin from intes- 
tinal mucosa, but not with aminopeptidase from the same source 
(Table VII). 

It is of interest that aminoisobutyrylglycine is split more rapidly 
than d-alanylglycine. Thus the substitution of a’-hydrogen by 
methyl on the side of the hexagon not approached by the enzyme 
in this case accelerates the splitting. 

As a component of dipeptides subjected to dipeptidase action, 
d-alanine does not obey the hitherto accepted specificity rule. The 
rule must therefore be restricted as follows: If a dipeptide con- 
tains the antipode of a natural amino acid, NH;-CHR-COOH, 
and R is CH; or larger, then steric hindrance of dipeptidase action 
results, which in the case of R = C,H, or bigger side chains? leads 
to complete inhibition of hydrolysis in the usual experimental 
period of time. 


2 The precise behavior of d-aminobutyric acid and the corresponding 
aminovaleric acid remains to be investigated. It was previously found 
(12) that the dipeptide, glycyldehydrophenylalanine, is not split by dipep- 
tidase. In view of the results reported in this paper this finding cannot 
be explained by the absence of_a-hydrogen. 
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The following method for the determination of the configuration 
of primary amino acids was recently reported (13): combination 
with a natural amino acid to a dipeptide which is subjected to the 
action of dipeptidase. The validity of this method is not affected 
by the above remarks since it is employed only for amino acids 


which are much more complex than alanine. 











Taste VII 
Hydrolysis of Peptides of d-Alanine 
Gipeeratetacte! aminopetian | gpl. 
Substrate 
Time = Time ~~ Time — 
hrs. per cent hrs. per cent hrs. per cent 

dl-Leucylglycine 1 70 2 0 2 74 
24 86 4 0 4 90 
Glycylglycine 1 39 2 36 
23 74 4 80 
6 90 
dl-Leucylglycylglycine 1 78 2 27 2 4 
23 109 4 35 4 7 

Chloroacetyl-l-tyrosine 23 2 

Gelatin 23 2 
l-Leucyl-d-alanine 1 26 2 0 2 25 
3 54 4 3 4 51 
5 70 6 69 

l-Leucyl-l-alanine 1} 100 
d-Alanylglycine 1} 5 4 ll 
4 13 8 28 

8 23 

l-Alanylglycine 13 42 

3 63 























* 4 mg. of dry preparation were employed. 


Since a large emount of consistent information regarding the 
specificity of dipeptidase is now at hand, it is worth while to discuss 


the cause for the stereochemical selectivity of the enzyme. 


The 


splitting of the peptides, glycylglycine, glycylaminoisobutyric acid, 
and aminoisobutyrylglycine, shows definitely that the enzyme 
The fact 


requires no asymmetry of the amino acids or peptides. 
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that stereochemical selectivity occurs in the case of peptides con- 
taining asymmetric amino acids will be elucidated with /-leucyl- 
glycine as an example. When the dipeptidase combines with 
l-leucylglycine on the upper side of the hexagon (cf. (XV)), it finds 
the carboxyl group, the peptide hydrogen, and the amino group 
arranged in a clockwise order. The reactive groups of the enzyme 
which combine with carboxyl, peptide hydrogen, and amino group 
must be arranged in the enzyme in such a manner that they fall 
exactly on the above groups in the Sean 


ee ae 


eee a E 
/ = a 
z / 
i. e 
1-Leucylglycine d-Leucylglycine 
XV xvI 


If we now subject d-leucylglycine (XVI) to dipeptidase action, 
we have again on the upper side of the hexagon the carboxy] group, 
peptide hydrogen, and the amino group arranged in clockwise 
order. However, the enzyme cannot combine with these groups 
because its approach is prevented by the voluminous C,Hsy group. 
Were the enzyme to act on the lower face of the hexagon, no split- 
ting would result because the carboxyl group, peptide hydrogen, 
and amino group are arranged in a counter-clockwise order so that 
the reactive groups of the enzyme cannot combine with all the 
necessary reactive groups of the substrate. 

If the enzyme would combine with only two reactive groups of 
the substrate, for example the amino group and the peptide hydro- 
gen, it would not matter upon which side of the hexagon plane it 
reacts with the substrate and d-leucylglycine would be split exactly 
as its antipode. The last cause for optical selectivity of dipepti- 
dase lies, therefore, in the fact that the enzyme combines with 
more than two points of the substrate. It seems probable that this 
theory of polyaffinity applies to other enzymes with asymmetrical 
specificity as well. We are investigating this question for car- 
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boxypeptidase and aminopeptidase and are using the steric hin- 
drance of their action towards peptides of d-alanine as a convenient 
proof. 

It may appear too early to propose such a detailed picture of the 
mechanism of dipeptidase action, especially in view of the lack 
of any knowledge regarding its chemical nature. However, the 
fact that the proposed theory could predict specificity phenomena 
(splitting of peptides of d-alanine) indicates that it possesses a high 
degree of probability. 
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EXPERIMENTAL 


Synthesis of Peptides of a-Aminoisobutyric Acid. Glycyl-a- 
Aminoisobutyric Acid 

Carbobenzoxryglycyl-a-Aminoisobutyric Acid Ethyl Ester—From 
6.5 gm. of a-aminoisobutyric acid ethyl ester hydrochloride a solu- 
tion of the free ester in ethyl acetate was prepared in the usual 
manner. To this solution there were added with strong cooling 
4 gm. of carbobenzoxyglycyl chloride (14) in several portions. 
After standing 1 hour at room temperature the a-aminoisobutyric 
acid ester hydrochloride (2.3 gm.) which had separated out was 
filtered off by suction, the filtrate washed with dilute HCl, water, 
and bicarbonate, dried over Na,SOQ,, and evaporated under dimin- 
ished pressure. Needles with a melting point of 84° (corrected) 
were obtained. Yield, 4 gm. ; 

For analysis the substance was recrystallized from ethyl acetate- 
petroleum ether. 


CsH220;N2(322.2)- Calculated, N 8.70; found, N 8.61 


Carbobenzoxyglycyl-a-A minoisobutyric Acid—4 gm. of the above 
ester were shaken for a short time with 14 cc. of n NaOH (1.1 
moles) and 20 cc. of absolute alcohol, whereupon a clear solution 
was obtained. After 45 minutes the solution was acidified with Q 
dilute HCl, the free acid crystallizing out. On concentrating the ; 
filtrate under diminished pressure, a second crop of crystals was 
obtained. Total yield, 3.5 gm.; m.p., 154° (corrected). The 
needles crystallized in clusters. 
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For analysis the material was recrystallized from water, where- 
upon the melting point rose to 155.5° (corrected). 


Cy4HisOsN2(294.2). Calculated, N 9.52; found, N 9.63 


Free Dipeptide—1.4 gm. of the carbobenzoxypeptide were dis- 
solved in absolute methyl alcohol, a small amount of water and 1 
ec. of glacial acetic acid added, and the solution hydrogenated in 
the presence of palladium, Mohr, in the usual manner. The 
hydrogenation was completed in about 30 minutes. On evapora- 
tion under diminished pressure crystals (prisms) were obtained 
which were transferred to the filter by means of absolute alcohol. 
Yield, 0.7 gm. 

For analysis the material was recrystallized from water-alcohol. 


C.Hi203Nz. Calculated. Cc 44.98, H 7.55, N 17.49 
160.1 Found. ** 45.26, “ 7.46, “* 17.48 


3.360 mg. required 2.05 cc. of 0.01 n KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 2.10 ce. 


l-Alanyl-a-Aminoisobutyric Acid 


Carbobenzory-l-Alanyl-a-Aminoisobutyric Acid—From 5 gm. of 
a-aminoisobutyric acid ethyl ester hydrochloride a solution of the 
free ester in ethyl acetate was prepared in the usual manner. 
Into this solution there was filtered with cooling an absolute ethyl 
acetate solution of carbobenzoxy-l-alanyl chloride which was 
prepared (5) from 4.5 gm. of carbobenzoxy-d-alanine. After 
standing 3 hours the ester hydrochloride which had separated out 
was filtered off by suction, the filtrate washed with dilute HCl, 
water, and bicarbonate, dried over Na,SO,, and evaporated under 
reduced pressure. A syrup (3.8 gm.) resulted which could not be 
crystallized. This oil was dissolved in 20 cc. of absolute alcohol 
and shaken with 13 ec. of N NaOH for 1} hours after cooling at the 
start. After acidifying with dilute HCl to Congo red acidity, most 
of the alcohol was removed by evaporation under reduced pressure. 
The aqueous residue was extracted with ethyl acetate; the ethyl 
acetate solution washed several times with water, dried over 
‘Na,SO,, and evaporated under reduced pressure. The crystalline 
residue was recrystallized from a small quantity of ethyl acetate. 
Yield, 2.2 gm. of lancet-shaped crystals. 




















Bergmann, Zervas, Fruton, Schneider, 339 
and Schleich 


For analysis the material was recrystallized from ethyl acetate. 
M.p., 165° (corrected). 


CisH220;N2(308.2). Calculated, N 9.09; found, N 9.29 


Free Dipeptide—1.7 gm. of the carbobenzoxypeptide were dis- 
solved in absolute methanol, and after addition of a small quantity 
of water and 7 ce. of glacial acetic acid hydrogenated with palla- 
dium, Mohr, in the usual manner. The hydrogenation was 
completed in about 30 minutes. The filtered solution was evapo- 
rated under reduced pressure, giving in quantitative yield long 
prisms which were transferred to the filter by means of absolute 
alcohol. 

For analysis the material was recrystallized from water and 
alcohol. 


C;H,,0;Ne. Calculated. C 48.28, H 8.10, N 16.09 
174.1 Found. “Ge. “2, * 6.7 


4.125 mg. required 2.34 cc. of 0.01 n KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 2.37 cc. 
[a]? = +34.52° (2 per cent in H,0). 


a-A minoisobutyrylglycine 


Carbobenzory-a-Aminorsobutyric Acid—From 14 gm. of a-amino- 
isobutyric acid ethyl ester hydrochloride a solution of the free 
ester in ether was prepared in the usual manner. To this solution 
there were added with cooling 7 gm. of benzylearbony! chloride in 
several portions. After standing 4 hours at room temperature, 
the ester hydrochloride which had separated out (6.2 gm.) was 
filtered off by suction and the filtrate shaken with a little pyridine 
to decompose the unchanged chloride. The solution was washed 
with dilute HCl, water, and bicarbonate, dried over Na,SO,, and 
evaporated under diminished pressure. The resulting syrup 
(9.5 gm.) was dissolved in 25 ce. of absolute aleohol and shaken 
with 19 ec. of 2 N NaOH (1.1 moles) for 1} hours with initial cool- 
ing. After being acidified with dilute HCl to Congo red acidity, 
most of the aleohol was removed by evaporation under reduced 
pressure. The aqueous residue was extracted with ether and the 
ethereal layer shaken with bicarbonate. The bicarbonate layer 

















340 Proteolytic Enzymes. V 


was acidified with dilute HCl and extracted several times with 
ether. The ethereal solution was then washed with water, dried 
over Na,SQ,, and evaporated under diminished pressure, yielding 
a syrup which crystallized on standing and could be transferred to 
the filter by means of petroleum ether. Yield, 6.5 gm. of hexag- 
onal plates. 

For analysis the substance was recrystallized twice from ether- 
petroleum ether. M.p., 78° (corrected). 


Ci,His0,N (237.1). Calculated, N 5.91; found, N 6.00 


Acid Chloride—To a solution of 3 gm. of carbobenzoxy-a-amino- 
isobutyric acid in 20 cc. of absolute ether 3 gm. of PCl; were added 
with strong cooling. After being shaken for 15 minutes, the fil- 
tered solution was evaporated under anhydrous conditions at 0° 
under diminished pressure, yielding a syrup which was washed 
several times with petroleum ether, and employed for the next 
reaction. 

a-Aminoisobutyrylglycine—To a solution of about 4.5 gm. of 
free glycinebenzyl ester (15) in dry ethyl acetate was added a dry 
ethyl acetate solution of carbobenzoxy-a-aminoisobutyry] chloride 
(from 3 gm. of acid) described above. The filtrate of glycylbenzyl 
ester hydrochloride, which had separated out, was washed with 
dilute HCl, water, and bicarbonate, dried over Na,SO,, and evapo- 
rated under diminished pressure. The resulting syrup was dis- 
solved in absolute methanol; a few drops of water and 1 cc. of 
glacial acetic acid were added and hydrogenated with palladium, 
Mohr, in the usual manner. The hydrogenation was complete 
after 1} hours. After the palladium was filtered off, the solution 
was evaporated under diminished pressure and after repeated 
evaporation with absolute alcohol yielded plates which were trans- 
ferred to the filter by means of absolute alcohol. Yield, 0.5 gm. 

For analysis the material was recrystallized from water-alcohol. 


C.Hi:0;Nz. Calculated. C 44.98, H 7.55, N 7.49 
160.1 Found. “< 45.28, “ 7.44, “ 7.38 


3.805 mg. required 2.30 cc. of 0.01 n KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 2.38 cc. 
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l-Leucyl-d-Alanine 


Carbobenzory-l-Leucylhydrazide—To a solution of 8.4 gm. of 
l-leucine methyl ester hydrochloride in 50 ec. of H,O there were 
added 90 cc. of CHCl; and then with strong cooling and shaking 
three 1 gm. portions of MgO and three 4 gm. portions of benzyl- 
carbonyl chloride were added. 15 minutes after the last addition 
the excess chloride was decomposed with pyridine and the reaction 
mixture acidified with 5 Nn HCl. The CHCl; layer was washed 
twice with water, then with bicarbonate and dilute HCl, dried 
over Na,SQ,, and evaporated under diminished pressure. A syrup 
resulted which was dried by repeated evaporation with methyl 
alcohol and dissolved in 50 ec. of absolute alcohol. 3.2 gm. of 
hydrazine hydrate were added and the reaction mixture was left 
at room temperature for 24 hours. A slight precipitate was 
filtered off; the alcohol evaporated off under diminished pressure 
and completely removed by two evaporations with ether. 
Needles; yield, 12.5 gm.; m.p., 121°. For analysis the substance 
was recrystallized from ethyl acetate. 


Cy4H203N3. Calculated. Cc 60.21, H 7.88, N 14.69 
279 Found. “ 59.99, “ 7.76, “ 14.54 


Carbobenzory-l-Leucyl-d-Alanine Methyl Ester—8 gm. of carbo- 
benzoxyleucylhydrazide were dissolved in 100 cc. of H,O, 10 ce. of 
acetic acid, and 5 cc. of concentrated HCl. With strong cooling (3°) 
and shaking, 3.5 gm. of NaNO, were added slowly and the oil 
which separated out was extracted with ether. The ether solution 
was washed twice with cold H,O and bicarbonate, filtered through 
a dry filter, and dried over Na,SO,. The dry ether solution of the 
azide was then mixed with a dry ether solution of d-alanine methyl 
ester from 3.2 gm. of d-alanine* and the reaction mixture was al- 
lowed to stand overnight at room temperature. Some of the 
substance crystallized out in long needles. These were filtered off, 
and the filtrate washed with dilute HCl, bicarbonate, and water, 


3 The d-alanine methyl ester was prepared from d-alanine hydrochloride 
which had been obtained by resolution of benzoyl-dl-alanine with brucine 
according to Fischer (16). The rotation of the d-alanine hydrochloride was 
[a] = —10.2° (10 per cent in H,0). 
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passed through a dry filter, and concentrated under diminished 
pressure. In this manner more of the substance was obtained. 
To the filtrate petroleum ether was added, yielding another crop. 
Yield, 3 gm.; m.p., 129-130°. 

For analysis the substance was recrystallized from ethyl acetate 
and petroleum ether. 


CisHasN,0s. Calculated. C 61.71, H 7.45, N 8.00 
350 Found. “* 61.63, “‘ 7.46, “ 8.00 


This compound was also prepared by coupling carbobenzoxy-l- 
leucy] chloride with d-alanine methyl ester but the yield was even 
lower. 

Free Dipeptide—A solution of 1.3 gm. of the ester in 7 cc. of ace- 
tone and 3.9 cc. of N NaOH (1.] moles) was allowed to stand 40 
minutes at room temperature with occasional shaking. The solu- 
tion was filtered and to the filtrate 4.2 cc. of n HCl were added. 
The acetone was removed under diminished pressure, whereupon 
an oil appeared which could not be crystallized. It was extracted 
with ethyl acetate; the ethyl acetate solution dried over Na,SO, 
and evaporated under diminished pressure. The resulting syrup 
was dissolved in absolute methyl alcohol and hydrogenated with 
palladium as catalyst in the presence of acetic acid. The hydro- 
genation was completed in 30 minutes. The filtered solution was 
evaporated under reduced pressure and this procedure repeated 
twice after addition of absolute alcohol to remove all water and 
acetic acid. It was taken up in absolute alcohol and crystallized 
on standing in the ice box. Yield, 0.4 gm. 

For analysis the substance was recrystallized from absolute 
alcohol. 


CsHis0;N2. C 53.47, H 8.91, N 13.86 
202 ** 53.35, “ 9.05, “ 13.63 


5.35 mg. required 2.69 cc. of 0.01 n KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 2.65 cc. 
[aj2? = +76.0° (2.5 per cent in H,0). 


l-Leucyl-l-Alanine 
Carbobenzory-l-Leucyl-l-Alanine Methyl Ester—This was pre- 
pared in the same manner as in the case of /-leucyl-d-alanine. 
M.p., 92-93°. 
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CisHasN20;. Calculated. C 61.71, H 7.45, N 8.00 
350 Found. “ 61.64, “ 7.37, “ 8.17 







































Free Dipeptide—This was prepared in the same manner as in 
the case of /-leucyl-d-alanine. 

6.97 mg. required 3.45 cc. of 0.01 Nn KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 3.39 cc. 
|a]?4 = +22.9° (5 per cent in methyl alcohol).* 


d-Alanylglycine 


Carbobenzory-d-Alanine—This was prepared in the same manner 
as the 1 form (14). M.p., 84°. 


CnHy,O.N. Calculated. C 59.16, H 5.87, N 6.28 
223 Found. “ 59.14, “ 5.74, “ 6.56 





[a], = +13.9° (8.5 per cent in glacial acetic acid). 

Carbobenzoxy-d-Alanylglycine Ethyl Ester—A dry ether solution 
of carbobenzoxy-d-alany] chloride prepared from 3.3 gm. of carbo- 
benzoxy-d-alanine in the same manner as the | form (5) was mixed 
with a dry ether solution of glycine ethyl ester prepared from 4.9 
gm. of the hydrochloride. The reaction mixture was allowed to 
stand 30 minutes, whereupon some glycine ethyl ester hydro- 
chloride separated out. This was filtered off and the filtrate 
washed with dilute HCl, bicarbonate, and water. The solution 
was then dried over Na,SO, and evaporated down under dimin- 
ished pressure, whereupon the substance crystallized out in needles. 
Yield, 3.5 gm.; m.p., 98°. For analysis the substance was re- 
crystallized from ethyl acetate-petroleum ether. 


CisH200sN2. Calculated. Cc 58.44, H 6.49, N 9.09 
308 Found. “* 58.39, “* 6.56, “ 8.98 


Carbobenzory-d-Alanylglycine—To a solution of 2.5 gm. of ethyl 
ester in 8 cc. of acetone 10 cc. of N NaOH were added. After 
standing for 30 minutes with occasional shaking, the acetone was 
evaporated off, yielding an oil which crystallized on standing in 
the ice box. Yield, 1.7 gm.; m.p., 103-104°. For analysis the 
substance was recrystallized from ethyl acetate. 


‘ Fischer (17) gives [a]p = +23.5°. 
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Ci:sHsO;N2. Calculated. C 55.71, H 5.71, N 10.00 
280 Found. ** 55.61, ‘* 5.67, “* 10.01 


Free Dipeptide—0.9 gm. of carbobenzoxy compound was dis- 
solved in absolute methyl alcohol and hydrogenated in the usual 
manner after addition of a small amount of water and acetic acid. 
On evaporation under diminished pressure the peptide was ob- 
tained in a yield of 0.4 gm. For analysis it was recrystallized 
from H,O-alcohol. 


C;Hi0O;N2. Calculated. C 41.08, H 6.90, N 19.18 
146 Found. ** 41.01, “‘ 6.95, “* 19.23 


7.30 mg. required 4.94 cc. of 0.01 n KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 5.00 ce. 
[a]? = —50.7° (4.3 per cent in H,O).® 


l-Alanylglycine 


Carbobenzoxy-l-Alanylglycine Ethyl Ester—This was prepared 
in the same manner as in the case of d-alanylglycine. M.p., 100°. 


CisH20OsN;. Calculated. C 58.44, H 6.49, N 9.09 
308 Found. * 58.41, “ 6.44, “ 9.16 


Carbobenzory-l-Alanylglycine—This was prepared in the same 
manner as in the case of d-alanylglycine. M.p., 104°. 


CisHicOsNz. Calculated. C 55.71, H 5.71, N 10.00 
280 Found. ** 55.64, ‘* 5.75, “* 10.21 


Free Dipeptide—This was prepared by hydrogenation of the 
carbobenzoxy compound as in the case of d-alanylglycine. 

7.17 mg. required 4.75 cc. of 0.01 n KOH in 90 per cent alcohol, 
thymolphthalein being used as indicator. Calculated, 4.91 ce. 

Glycyl-l-Alanine—This was prepared by the method of Fischer 
(19). 

N-Methyl-dl-Leucylglycine—This was prepared by the method of 
Fischer (20). 

Sarcosyl-l-Tyrosine—This was prepared by the method of 
Abderhalden, Schwab, and Valdecasas (4). 


’ Fischer (18) found for J-alanylglycine [a]p = +50.3°. 
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reported in this paper. 


Enzymatic Studies 


In the experiments reported above the total volume of each 
reaction mixture was | cc. in which were contained 0.05 mm of 
substrate’ in 0.5 ec. of H,O previously neutralized with 0.2 n 
NH,OH, 0.1 cc. of m/3 phosphate buffer of the required pH (us- 
ually 7.4), and 0.4 cc. of theenzyme solution. The temperature in 
all cases was 40°. 

The extent of hydrolysis was determined by titration of the 
carboxyl groups in 90 per cent alcohol with 0.01 n KOH, thymol- 
phthalein being used as indicator (Grassmann and Heyde (21)). 
100 per cent splitting represents an increase of J cc. in the titra- 
tion of 0.2 ce. of the reaction mixture. 

The aminopeptidase employed in these experiments was pre- 
pared from a glycerol extract of intestinal mucosa by adsorption of 
the dipeptidase with Fe(OH); according to Waldschmidt-Leitz, 
Balls, and Graser (22). 

The dry preparation of yeast dipeptidase was prepared according 
to Grassmann and Klenk (23). 
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In a previous paper from this laboratory Todd, Elvehjem, and 
Hart (1) presented data demonstrating that zinc was essential in 
the nutrition of the rat. They found that the rate of growth of 
rats on a synthetic diet low in zine was accelerated by the addition 
of salts of this metal. There was also an interference with the 
development of a normal fur coat of the animals on the zinc-low 
diet. Shortly before the publication of this work, Newell and 
McCollum (2) reported that no consistent differences in growth 
could be detected in animals receiving a ration in which there was 
almost a complete absence of zinc (their analysis showed a concen- 
tration of the order of 10~’ or less) and control animals on the same 
ration to which zinc had been added. They did find, however, the 
zinc content of the rat body to be variable and somewhat depend- 
ent upon the zinc content of the diet; also that the young born to a 
female which was on a zinc-low diet had a greatly diminished zinc 
content as compared with young born to a female on a stock diet. 
They concluded that zinc was probably not an essential nutri- 
tional factor in the growth of the rat. 

As a result of these conflicting data we considered it desirable to 
continue our work on this problem. More recently Bertrand and 
Bhattacherjee (3) showed that mice placed on a synthetic diet 
containing less than 0.5 mg. of zinc per kilo died in 14 to 23 days. 
The litter mates which received 20 parts per million of zinc and 
served as controls lived for 57 to 74 days. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
This research was aided by a grant from the Research Funds of the 


University. 
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The basal ration which we have used, though supplemented 
with concentrates of all the known vitamins and zinc, did not 
produce normal growth of the animals. While the zine content 
of the ration was below the minimal requirements, the animals 
receiving added zinc did not respond maximally because their 
growth was retarded by an insufficient supply of certain other 
unknown factors. Our problem, therefore, was to supply these 
factors in the ration so that the animals would grow normally and 
thus obtain a clear cut picture of the zine deficiency. We had 
found that by supplementing our ration with 2 cc. of milk per day 
per animal growth was markedly accelerated. Because this 
quantity of milk supplied an appreciable amount of zinc, it was 
necessary to prepare from milk or other food materials a fraction 
low in zinc which would add these growth factors. The original 
basal ration was also modified slightly in an attempt to reduce the 
zinc intake of the animals. Since Newell and McCollum reported 
that they were able to remove zinc from casein by electrodialysis, 
we attempted to use this method for the purification of whole milk 
and whey. This method of purification, however, proved ineffec- 
tive, and it became necessary to rely upon precipitation methods 
for the preparation of the water-soluble growth factors from milk. 


EXPERIMENTAL 


Animals—All the animals used in the experiments were specially 
handled to reduce the zine stores as much as possible. The 
pregnant females were placed in the monel metal cages several 
days before parturition. They were fed the stock colony ration, 
milk, and water ad libitum. When the young were 15 days old, 
the stock colony ration was replaced by the zinc-low ration and 
redistilled water. From this time until the young were weaned 
the mothers were removed from the young for 2 hours twice daily 
to receive the stock ration, milk, and water. In this way the 
young never obtained the stock ration and gradually became 
accustomed to eating the zinc-low ration, so that by the 25th day, 
when they were weaned and started on the experiment, there was 
no abrupt change in their diet. Each litter was divided into two 
groups, one group on the zinc-low ration, and the other on the 
same ration with added zinc. 

Ration—The source and procedure for the preparation of the 
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carbohydrates, protein, and salts were the same as those reported 
in our former paper (1). 

Fat—Pure butter fat in which was dissolved sufficient haliver 
oil to supplement it with ample amounts of the fat-soluble vitamins 
replaced Wesson oil which was formerly used. The butter was 
purified by placing 14 pounds of unsalted butter in a liter beaker 
and allowing it to melt in an oven at 80°. The melted oil was 
stirred to permit the curd and water to settle to the bottom, after 
which the clear oil was decanted off. 1 gm. of haliver oil, which 
contained 30,000 units of vitamin A (United States Pharmacopeeia 
X) and 3333 units of vitamin D (Steenbock), was dissolved in 800 
gm. of the butter oil. 

Each gm. of the resulting fat contained 37.5 units of vitamin A 
and 4.2 units of vitamin D. This product was stored in the ice 
box and each day 0.4 gm. was measured into individual dishes. 
Each animal received in this amount of fat 15 units of vitamin A 
and 1.7 units of vitamin D in addition to what was present in the 
butter. The zinc content of this preparation was exceedingly low; 
1 kilo contained 0.36 mg. of zine and the daily ingestion of zinc 
from this source amounted to only 0.14 microgram. 

Water-Soluble Factors—An attempt was made to remove the 
zinc from whole milk by electrodialysis. The apparatus used 
was a two compartment cell consisting of an outer 14 liter glass 
battery jar in which was suspended a porous clay cylinder with a 
capacity of 1.5 liters. A platinum coil served as the anode in the 
center compartment. The cathode was a piece of copper gauze 
which surrounded the porous cylinder. The material to be dia- 
lyzed was placed in the center compartment and a stream of 
purified air forced through the solution kept it well stirred and 
cool. The current was supplied by a p.c. generator and with 
external resistances the current was not permitted to exceed 1.5 
amperes. After 2 hours the internal resistance of the cell increased 
so that with a potential of 137 volts only 0.6 ampere passed 
through the cell. The pH of the substance dialyzed would drop 
as low as 3 when samples were dialyzed for 20 to 40 hours. The 
temperature in the outer chamber was kept below 40° by changing 
the distilled water every 2 hours. 

The whole cow’s milk was obtained by milking directly into a 
glass container to eliminate contamination. Previous analysis of 
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such milk showed the zine content to vary from 2.7 to 3.2 mg. per 
liter with samples taken from different cows at different times. 
Since the milk after it was subjected to dialysis for 18 to 43 hours 
still contained 2.2 to 3.0 mg. of zine per liter, only a small amount, 
if any, was removed by this process. Whey dialyzed for periods 
as long as 26 hours still contained from 2 to 2.3 mg. per liter. 
Two samples of whey which had been previously concentrated 
4:1 in vacuo below 25° and then dialyzed showed a zinc content of 
1.5 mg. per liter when the calculations were made on the recon- 
structed basis. An attempt was also made to prepare casein in 
the same manner as that outlined by Newell and McCollum (2). 
Skim milk was dialyzed for 2 hours. By this time the casein was 
coagulated and floated on the surface. It was filtered and washed 
with redistilled water. Two samples of casein prepared in this 
manner had a zine content of 55 mg. per kilo on the dry basis. 
Casein prepared by our method contained only from 3 to 6 mg. 
of zine per kilo (1). 

The results obtained proved electrodialysis to be entirely 
unsatisfactory for the removal of zinc from these products. This 
is not in accordance with the work of Newell and McCollum, who 
report casein prepared in this way to be spectrographically free 
from zinc. Their casein alone undoubtedly introduced enough 
zinc to supply amounts adequate to meet the requirements of the 
growing animal, therefore no differences could be detected in the 
control animals which received this ration with additional zinc. 

Owing to the failure of electrodialysis in the removal of zinc 
from these milk products, a procedure for the preparation of a 
zinc-low milk serum was developed. 6 gallons of skim milk were 
placed in a porcelain jar, the temperature brought to 40°, and 10 cc. 
of rennet added. After 10 minutes the curd was carefully cut with 
a steel knife. The temperature was slowly raised to 46°, thereby 
producing a tough curd which settled to the bottom within 4 
hours. The resulting whey, which was clear and free from casein 
particles, was drawn off and allowed to stand at room temperature 
for 24 hours; this permitted the lactic acid organisms to lower the 
pH to the isoelectric point of the albumin (pH 4.5). It was then 
placed in a 2 liter Erlenmeyer flask and heated in a boiling water 
bath with frequent stirring until the temperature reached 88°, 
which required about 15 minutes. The hot material was then 
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placed in the ice box overnight to cool and permit the albumin to 
settle. The clear serum was siphoned off and concentrated ammo- 
nium hydroxide added until a flocculent precipitation of the 
phosphates occurred (pH 9). This precipitate, which contained 
the zinc, settled to the bottom. The supernatant liquid was 
withdrawn, and by the addition of acetic acid the pH was lowered 
to 6. This serum was stored in the ice box and a new preparation 
made every 3 weeks. 

Assays of the serum for vitamin B, were made in the same way 
as those reported in our previous paper. When 15 cc. were 
administered daily to animals which had ceased to grow on the 
vitamin B,-deficient diet, they made gains of 40 to 50 gm. in the 
4 weeks following. The zinc content of the serum ranged from 
0.2 to 0.25 mg. per liter. The daily ingestion of 15 cc. introduced 
3.7 micrograms of zinc. The milk serum contained all the salts 
found in milk except the calcium phosphates which were removed 
along with the zinc in the ammonium hydroxide precipitation. 
For this reason the salts in the basal ration were reduced from 4 
per cent to 3.5 per cent. Since casein introduced considerable 
zinc, it was reduced from 14 to 5 per cent and the egg white, which 
was practically zine-free, was increased from 5 to 14 per cent. 

The basal zinc-low ration used in our experiments contained the 
following ingredients. 


per cent 
NS bd sel. os haa bw kbitancskatmesb aie Aa eaekanees 5 
| ERE RNS Presa OR aR Neen: Ca i ES ete VE Spee 14 
| ERR SRE NE, Ss & eres oS aa Ae E Sheep S SR See 77.5 
eee er To rer ery Trier Tiare ick. 3.5 


15 cc. milk serum per animal daily 
0.4 gm. butter fat per animal daily* 
Redistilled water ad libitum 
* In Experiment I Wesson oil reinforced with haliver oil replaced the 
butter fat. 


The control ration was prepared by adding 6 mg. of zine as ZnCl 
per 100 gm. of this ration. 

The basal ration was fed ad libitum in glazed porcelain dishes. 
Scattering of the ration was prevented by inverting a Petri dish 
containing a small opening over the top of the dish. This feeder 
proved very satisfactory in preventing wastage of ration. The 
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serum and butter fat were fed together in small porcelain dishes, 
Both products were readily consumed by all animals. 

The growth curves for the five animals in Experiment I are 
shown in Chart I. At the end of the 4th week the two animals 
on the ration with added zinc had gained twice as much as the 
controls on the zine-low ration. 

After the 8th week the animals receiving the ration with added 
zine failed to continue to grow normally. (Rat 14 @ remained 
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Cuart I. Effect of adequate zinc intake on growth of rats 


at 165 gm. for 2 weeks.) An alcoholic extract of liver equivalent 
to 4 gm. of fresh liver was administered daily and this animal 
gained 40 gm. in the 3 weeks following; the control animal, which 
did not receive the extract, gained only 11 gm. in this time. 

As a result of this observation, liver extract was used to supple- 
ment the milk serum in all the three following experiments and 
beneficial effects were noted. For its preparation 900 gm. of fresh 
ground liver were extracted three times with 800 cc. of 95 per cent 
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alcohol. The total extract was combined and after cooling on ice 
for several hours the precipitated proteins were centrifuged off and 
the fluorescent liquid concentrated under a vacuum and below 
40° to 30 cc. 500 cc. of 95 per cent alcohol were added and the 
precipitated proteins centrifuged off. The liquid was then concen- 
trated to 30 cc. The last step was repeated once more. When 
assayed for vitamin B,, an amount of the extract equivalent to 
4 gm. of the fresh liver produced a favorable growth response, but 
this was not equal to that produced by 15 cc. of milk serum. 
When the two were fed together the growth response was not 
greater than when the serum was fed alone, therefore indicating 
that its supplementary action was not due to a deficiency of vita- 
min B, in the 15 cc. of serum. 20 cc. of serum alone also produced 
no greater growth response than 15 cc. No zine could be detected 
in an amount of extract equivalent to 200 gm. of the fresh liver. 
The extract equivalent to 4 gm. of liver therefore contained not 
over 1 microgram of zinc. 

During the late winter months difficulties were encountered in 
the preparation of the zinc-low milk serum owing to some unknown 
change in the milk system. This change occurred during the last 
week in January of 1934 and persisted until the latter part of May 
when the cows were again back on pasture. This year (1934) 
milk changed to the winter condition in the latter part of October 
(1934) or about 3 months earlier than in the preceding winter. 
The difficulty encountered in the preparation of the serum after 
the milk had undergone this change to the winter condition was 
that the phosphate precipitate obtained by the addition of ammo- 
nium hydroxide to the serum could not be easily separated, since 
it remained in a colloidal state. 

Because of this difficulty in the preparation of the serum, the 
animals in Experiment IV, which was started on May 4, 1934, 
were given liver extract as the sole source of the water-soluble 
factors for the first 3 weeks of the experiment. It was then 
again possible to prepare the serum so that thereafter both the 
liver extract and serum were supplied. The basal ration for 
Experiments IV, V, and VI was the same as that used in Experi- 
ment I. The only changes were the addition of liver extract to 
supplement the serum and the replacement of Wesson oil by butter 
fat. 
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Cuart II. Effects of zinc on growth of rats 
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Results 


The growth curves for each of the four experiments indicate 
clearly that the growth of the animals on the zinc-low ration was 
markedly retarded. Chart II shows the growth records of the 
animals in Experiments IV, V, and VI. In several cases the gains 
made by animals receiving added zinc were 3 times as great as 
those made by the controls in the 8 week period. No specific 
pathological disturbances were detected in the animals on the 
zinc-low ration. They were, however, extremely active and hyper- 
irritable, and if removed from the cage would run about as if 

















TaBLeE I 
Food Consumption Records 
Average daily food intake Ratio “ation 
Experiment No. ~- 
Zn-low Added Zn Zn-low Added Zn 

gm. gm. gm. gm. 

IV 3.6 4.9 3.8 2.6 

V 4.4 5.6 4.4 2.7 

VI 4.0 5.2 4.3 2.8 
Average, IV, V, VI. 4.0 5.2 4.1 2.7 

















The average daily food intake of the nine zinc-low animals for the 8 week 
period was 4 gm. The average consumption for the nine control animals 
was 5.2 gm. per day over the same period. In addition to this each ani- 
mal received 0.4 gm. of butter, 15 cc. of serum, and liver extract. 


hungry and in search of food. After 6 to 7 weeks the fur became 
soft and woolly and lost its luster. The black portions of the fur 
became light gray in color. - The control animals were apparently 
normal in every respect and did not exhibit these nervous symp- 
toms. Their fur remained normal throughout the experiment. 

Food consumption records were kept for all animals on these 
experiments. The records for Experiments IV, V, and VI show 
that the animals on the ration with added zinc consumed 30 per 
cent more than those receiving the zinc-low ration during the 8 
week period. The food consumption of the males and females was 
of the same order, making it possible to obtain an accurate average 
of the daily consumption of the animals in each group. These 
data are shown in Table I. 
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When the two groups are compared with respect to the efficiency 
of conversion of gm. of ration consumed into gm. of increase of 
body weight, the zinc-low animals required 52 per cent more 
ration to make a gm. of gain in weight. The food consumption 
of the animals on the ration containing added zinc was not limited 
to that of the basal groups because the object was to compare the 
effects produced in the one case by the deficiency of zinc and in the 
other the effects produced when this deficiency was eliminated by 
its addition. Since the animals receiving zinc were more efficient 
converters of the ration into body weight, they most probably 
would have made more rapid gains than those on the basal diet if 
the amount of food consumed by the animals in each group had 
been the same. 

It is possible to calculate the daily zinc intake of the animals. 
20 kilos of the zinc-low ration showed a zine content of 2.2 mg. 
per kilo. The animals on the zinc-low ration consumed less than 
4.5 gm. of the basal ration daily. Their daily ingestion of zinc 
amounted to less than 15 micrograms. 


micrograms 
less cots caw dv eadcep new wed tad sas on sete 9.9 
a da Sos Sie lk Meade ah ae well 2.7 
a ie MS whined ee ae eRe 1.0 
I eral teased <i wah grea) Slit ore US aN 0.15 
14.75 


Zinc analyses were made on the entire carcasses of the five 
animals of Experiment I. The total zinc per carcass of the three 
animals on the zinc-low ration ranged from 2.8 to 3.7 mg. or 21 
to 26 mg. per kilo of live weight. The amount of food consumed 
by these animals up to the time they were killed for analysis intro- 
duced not over 1.1 mg. of zinc per animal. Therefore the rest 
of the zinc (1.7 to 2.6 mg.) was the amount present in the animals 
at the start of the experiment plus that obtained from other 
sources. From the amount of ration consumed by the two animals 
which had received added zinc each obtained 28 mg. of zine. 
Analysis showed the carcasses of these animals to contain 12 and 
17 mg. or 70 to 85 mg. of zinc per kilo of body weight. The entire 
carcasses of three stock males were also analyzed and found to 
contain from 59 to 63 mg. of zine per kilo of live weight. 

The per cent of dry matter in all the animals was nearly the 
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same. The average per cent of dry matter in the zinc-low animals 
was 36.6 as compared to 37 for the two animals which received 
added zinc. Thus the added zine produced body tissue with no 
increase in water content. 

At the end of the 8 week period, two animals, Rats 42 o& and 
43 9 of Experiment IV, were placed on the ration with added 
zinc and they resumed normal growth as shown in Chart II. In 4 
weeks the thin woolly hair coat was restored to normal and the 
gray portions became black, the same as in the control animals 
which had received zinc throughout the experimental period. 


DISCUSSION 


The results presented in this paper further substantiate our 
former work which demonstrated that zinc was an essential 
element in the nutrition of the rat. The basal ration has been 
improved by increasing its growth-promoting properties through 
the addition of certain water-soluble factors from milk serum, and 
at the same time reducing its zine content. As a result of these 
improvements greater differences in the rates of growth of the 
animals on the zinc-low and zine-containing rations have been 
obtained. 

Our results are in accordance with those reported by Bertrand 
and Bhattacherjee (3). Their animals on the basal ration plus 
zine lived only 74 days while our rats have been on the experiment 
for 14 weeks and appear normal in every way. Therefore our 
ration is more complete in other essential elements although it 
contains slightly more zinc than their rations. 

The only explanation which we can offer of the contradictory 
results reported by Newell and McCollum (2) is that their rats 
were receiving an adequate supply of zinc. It seems probable 
that the casein in their ration supplied some zinc, since we have 
been unable to obtain zinc-low casein according to the procedure 
described by them. Furthermore, we have been unable to prepare 
a vitamin concentrate from yeast, according to their method, which 
was low in zinc. 

Although no experiments have been conducted with other 
animals, it is logical to assume that if zinc is an essential element 
in the case of rats and mice, it is also needed by all animals. The 
difficulties which have been encountered in preparing a zinc-low 
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ration suggest that most natural rations contain a sufficient 
amount of this element. However, it is significant to note that a 
naturally occurring zine deficiency in plants has been reported by 
Finch and Kinnison (4) as a result of their studies on pecan rosette. 
This disease of the pecan tree, which occurs in certain areas of 
Arizona, is promptly alleviated by administration of zinc salts. 
Analysis of the drainage waters from areas where this disease 
occurs showed a very low zinc content. In areas such as these 
zine may be a limiting factor in both plant and animal nutrition. 
At present the function of zinc in the living organism is still 
unknown. In this connection attention might be called to the 
work of Maxwell (5) who found that the presence of small amounts 
of zinc salts in hypophyseal extracts produced a marked augmenta- 
tion in the ovarian weight increase of young female rats. He also 
found the augmentation with urine of pregnancy preparations to 
be increased when zine salts were added to the hypophyseal 
synergistic component. 

Scott (6) reported that insulin contained 1.46 per cent ash and 
gave positive tests for iron, zinc, and phosphorus. By subjecting 
the insulin to electrodialysis the ash content was reduced to 0.04 
per cent and tests for iron and phosphorus were negative. A 
positive test for zinc was always obtained, indicating that the zine 
was firmly bound in the insulin molecule. 


SUMMARY 


1. Further evidence has been presented showing that the growth 
of rats on a synthetic diet low in zinc was markedly retarded as 
compared to control animals which received the same diet with 
added zinc. 

2. On the zinc-low diet there was interference with the develop- 
ment of a normal fur coat. 

3. The evidence presented demonstrates that zinc is an essential 
element for the growth of the rat. How it functions is still 
unknown. 
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ANOTE ON THE TITRATION CONSTANTS OF IMIDAZOLE 
DERIVATIVES 


By MILTON LEVY 


(From the Department of Chemistry, University and Bellevue Hospital Medical 
College, New York University, New York) 


(Received for publication, January 22, 1935) 


In considering the behavior of histidine in the formol titration, 
it became necessary to have some information about the titration 
constants of imidazole derivatives. The constant of histidine 
near pH 2 is typical of a carboxyl group in amino acids and that 
near 9.2 is typical of an amino group. The other constant, near 
6, by elimination, must belong to the imidazole group (2, 5, 11). 
Although the writer had no doubts of the validity of this assign- 
ment, it seemed desirable to determine the constants of other 
imidazole derivatives for comparison and particularly to learn 
what effect the presence of other groups might have on the imida- 
zole constants. The substances studied were 4-(or 5-)methyl- 
imidazole, imidazolelactic acid, histamine, and histidine. 

Data are available in the literature for histidine (2, 5, 9) and its 
peptides (6). Richardson (8) titrated dl-2-thiolhistidine but 
instead of the four titration groups expected found only three. 
He believes that the inaccessible group is the imidazole nitrogen. 


EXPERIMENTAL 


Electrometric titrations were carried out on 0.01 m solutions at 
30°. The hydrogen electrode in conjunction with a saturated 
calomel half-cell was used. The system was standardized, — 0.0647 
volt being used as the potential of the hydrogen electrode in 0.1 m 
HCl. The analysis of the titration data presented no special 
difficulties. The titration constants were calculated on the basis 
of the Bronsted (3) definitions and apply to the standard Hender- 
son-Hasselbalch equation for an acid. 

We prepared 4-(or 5-)methylimidazole through the zinc salt 
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(1) and oxalate (7). The oxalate was converted to the free base 
according to Windaus and Knoop (12). Its purity was checked 
by the melting point (56°). Imidazolelactic acid was prepared 
by the action of AgNO, on histidine monohydrochloride (4). 
Histamine dihydrochloride and histidine monohydrochloride were 
commercial products of excellent grade. All the substances 
showed the theoretical acid equivalent. 


Results 


The titration constants are given in Table I. Consideration 
of the constants confirms the usual allocation in histidine. The 
position of the constant of the imidazole group is markedly influ- 
enced by the presence of an NH;* group 8 to it. Thus compari- 


Taste I 
Titration Constants of Imidazole Derivatives at 30° 











Group 
Substance 
Carboxyl Imidazole Amino 

4-(or 5-)Methylimidazole........ pG = 7.40 
Imidazolelactic acid............ pG: = 2.99 | pG: = 7.32 
PERS OSS SNS ecisivicdes pG: = 5.90 | pG: = 9.70 
ID a. tai ed's avaines « devegion pG: = 1.65 | pG; = 6.01 | pG,; = 9.17 

= (calculated)*......... “« = 1.81 “« = 5.93 “= 9.07 














* From the data of Schmidt, Kirk, and Appleman (10). 


son of histamine with methylimidazole and with histidine shows 
that the presence of the amino group shifts the constant to a 
region about 1.4 units more acid. Comparison of methylimida- 
zole and imidazolelactic acid shows that the presence of the car- 
boxy] group has very little influence on the position of the imida- 
zole constant. The allocation of the constants is given in Table I. 
The values in the last line were calculated from the constants 
at 25° and the heats of ionization given by Schmidt, Kirk, and 
Appleman (10). 
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EQUILIBRIA OF THE BASIC AMINO ACIDS IN THE 
FORMOL TITRATION 


By MILTON LEVY 


(From the Department of Chemistry, University and Bellevue Hospital Medical 
College, New York University, New York) 


(Received for publication, January 22, 1935) 


In a previous paper (5), the behavior of a number of amino acids 
in the formol titration was systematized by the use of hypothetical 
equilibria and the appropriate constants. The present communi- 
cation deals with an extension of this system to the basic amino 
acids—arginine, lysine, and histidine. 

The titration curves of these amino acids may be treated as 
equivalent to the curves obtained by titrating mixtures of three 
monovalent acids! present in equivalent quantities and having the 
requisite titration constants (8, 9). Each of the single acids 
behaves in the mixture according to the Henderson-Hasselbalch 
equation and the amino acids can therefore be characterized by 
three constants, pK,, pK, and pKs. 

Birch and Harris (1) have published titration curves, at one or 
two formaldehyde concentrations, for each of the basic amino 
acids. These curves are of the standard form predicted by the 
Henderson-Hasselbalch equation. This fact has been confirmed 
in the course of the present work. The problem of the behavior 
of the basic amino acids in the formol titration is, therefore, to 
determine the laws governing the changes of the titration constants 
with formaldehyde concentration. The data of Birch and Harris 
are too few to give an adequate basis for the solution of the 
problem. 

EXPERIMENTAL 


The experiments were conducted at 30° in the manner previously 
described (5, 6), suitably modified to fit special peculiarities. To 


1 The term acid is used in the Bronsted sense.» 
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investigate the variation of a particular group, a solution was 
prepared by dissolving the desired substance in water and adding 
the requisite quantity of NaOH or HCI to bring it to the mid-point 
(pH = pK) of the appropriate group. The resultant solution was 
diluted to volume and titrated with formaldehyde, the hydrogen 
electrode being used to measure the pH after each addition. The 
amino acid concentration was 0.01 m within 20 per cent, the varia- 
tion being due to dilution by the formaldehyde solution. Arginine 
did not come to equilibrium rapidly enough for this method. It 
was necessary to prepare a series of solutions at different formalde- 
hyde concentrations and to measure the pH after 24 hours. The 
pH did not then change in a further 48 hours. The course of the 
pH changes was investigated and found to follow smooth curves, 
which will be discussed in a later section. 

The materials used and their amino acid contents, determined 
by the Van Slyke method, are given below. 

















Amino N 
Found Calculated 
per cent per cent 
Arginine monohydrochloride.................... 6.68 6.64 
Lysine dihydrochloride.....................000- 12.79 12.79 
Histidine monohydrochloride (hydrate)......... 6.67 6.68 
Histamine dihydrochloride..................... 7.48 7.60 





In every case the titration values checked the expected within 1 
or 2 per cent. No other data than the titration value are at hand 
on the imidazolelactic acid used because of the small quantity 
available. 


Results 


The experimental results are presented in the form of graphs 
showing the relations between the mid-point pH (pG,) values and 
the logarithms of the formaldehyde concentrations (see Figs. 1, 2, 
and 4). As records of the experimental results, the graphs seem 
self-explanatory. Detailed discussion will be found with the 
development of working equations and the calculations of con- 
stants for the postulated equilibria. 
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Theoretical 


In order to unify the treatment a hypothetical amino acid con- 
forming to the type under discussion will be considered. At the 
isoelectric point it is symbolized by A*. Its behavior in an acid- 
base system, aside from the most acid group (which is not involved 
in the formol titration) may be represented by Equations 1 and 2. 


(1) A-+*= A + H* K; = bh/a 


(2) A+ 2 A- + H* K; = ch/b 


The lower case letter below each symbol is used to represent both 
the concentration and the species in the equations and discussion. 
The K values are the hydrogen ion dissociation constants as deter- 
mined in water. 

The entities represented by a, b, and c may be capable of react- 
ing with 1 or 2 molecules of formaldehyde as shown in the following 
reactions. The L values are the formaldehyde association con- 
stants and are identified by systematic subscripts. 


(3) A++4+F2AFt Ly = d/aF 
(4) A++Fa2AP+ In =e/OF 
(5) A> + FP AF Li = g/cF 
(6) A+ 4+ 2F 2AP* Ln = i/aP* 
(7) A++2F 2AFe+ Lm = j/bF 
(8) A-+2F 2AF- Ly = m/cP? 


In the equations the lower case letters are used as before and the 
capital F represents the formaldehyde and its concentration. 

The above equations were not, of course, written a priori, but 
are used to serve as a convenient framework to show the basic 
similarity of the varied experimental curves. Not all the equi- 
libria are necessary to describe the data in the specific case of each 
amino acid. Some of the particular reactions do not occur at all 
or they occur in inaccessible pH regions or formaldehyde concen- 
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trations. In Table I are listed the formule of the compounds of 
arginine, lysine, and histidine corresponding to the generalized 
type of acid given above. A space without a formula indicates 
that for one of the reasons just stated equilibria involving the 
entity omitted need not be considered in deriving working equa- 
tions: Study of Table I will show that formaldehyde is considered 
as associating with the NH; group only. 

Besides the appropriate set of reactions among those above the 
analysis of the curves involves the principle that the sums of 
positive and negative ions shall be equal. In most cases the Ht 
and OH- ions do not contribute significantly to these sums, so 
that they are usually omitted from the equations for electroneu- 
trality. 

The development of working equations and the determination 
of the constants are discussed separately for each amino acid. 

The multiplicity of the constants might make it appear that 
they are of little practical value in the actual use of the formol 
titration. For some of the constants this is certainly true. For 
practical purposes a single combination constant for each amino 
acid is more convenient. In the discussion of stoichiometry such 
constants are used. These with the other constants are collected 
in Table II under the heading pGr. This is defined as the appar- 
ent titration constant of the most alkaline group titrated in the 
formol titration in 2.3 m formaldehyde. This is the constant 
which determines the end-point to be used with the conditions 
previously recommended (6). 


Arginine 
The region in which the acidity of the guanidine group of argi- 
nine becomes manifest is also a region in which the buffering power 
of formaldehyde is very great. The preponderance of the neces- 


sary corrections makes an accurate estimate of how much pK; is 
affected by formaldehyde very uncertain from the data available.’ 


2 The implication in a recent note by Jukes and Branch (Jukes, T. H., 
and Branch, G. E. K., Science, 80, 228 (1935)) that the lack of a demon- 
strable titer for the guanidine group in the formol titration proves that 
it does not react with formaldehyde is incorrect. The apparent strength 
of this group may have been increased by formol, without affecting the 
titer, to pH 9 if the constant of the group concerned still remained above 11. 
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When formaldehyde is added to arginine in a solution at pK, 
(pH 8.91), there is, as stated above, a change of pH with time. 
This change was investigated for a number of formaldehyde con- 
centrations and a family of curves obtained. The rate of the 
change increases with the concentration. It is probable that the 
electrode did not follow the changes as rapidly as they occurred. 
An attempt was made to derive kinetic equations which would fit, 
but the results were not consistent. It is enough to note that 
the major part of the change is soon over (5 minutes) even in M 
CH,O and that it is not dependent on the presence of the electrode 
or of Hy. The points in Fig. 1 were obtained after 24 hours stand- 
ing and did not change in a further 2 days. The lower formalde- 
hyde concentrations have been corrected for the amount required 
to react with arginine. 

The points in Fig. 1 can be described in terms of Equations 1, 6, 
and 7 combined with the equation for electroneutrality a + i = 
b + j. The resultant equation is Equation 9. 


(9) pGy = pK: — log (1 + Lx F*) + log (1 + Ln F*) 
When L,.F? is large compared to 1 and IF? small 
(10) pG; = pK. Lee —2 log F 


Under these conditions the curve in Fig. 1 is a straight line with a 
slope of 2. The situation is realized over the lower part of the 
curve and the extrapolation of this part of the curve to log F = 0 
as indicated by the dotted line gives pKxlx2 = 3.50. pL» = 
—5.41° or Le = 2.57 X 10°. This is a much larger association 
constant than any observed for the monoamino acids. 

When F is large, Equation 9 reduces to a constant pG; = 
pKeLe2/La. The constant value which pG,; approaches when F 
is large is 3.35. pL2 is therefore 0.15. 

To show the agreement of the equations with the data the curve 
of Fig. 1 is plotted from the constants and the points are experi- 
mental. 

It is interesting to note that pK2Z2/L. is the hydrogen ion 
dissociation constant of the formaldehyde compound of arginine 
indicated by iin Table I. Its value, 3.35, is typical of a carboxyl 


* The symbol p is used as an operator with the usual significance as in 
pH, etc. 
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Correlation of Generalized Amino Acid with Arginine, Histidine, and Lysine 
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group in a compound carrying a distant positive charge and is 
therefore reasonable for this substance. 

Stoichiometry—Sgrensen (10) found that arginine monohydro- 
chloride required 1 equivalent of alkali in the formol titration and 
that this was practically independent of the formaldehyde concen- 
tration and the pH of the end-point. This conforms to the high 
value of Lx. With the conditions recently recommended, arginine 
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Fig. 1. The titration constants of arginine in formaldehyde. The 
ordinate represents pGy starting at pK2; abscissa, logarithms of the form- 
aldehyde concentrations in moles per liter. 


should be titrated completely plus a small blank. If sufficient 
time is allowed to obtain equilibrium, quite low formaldehyde 
concentrations would allow complete titration to an end-point of 
7 and with pure arginine these conditions would be much more 
favorable than the usual formol titration. In mixtures, however, 
a titration of this kind would also include a considerable amount of 
histidine and a lesser amount of lysine. Monoamino acids would 
probably not interfere. 
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Lysine 
The titration constants associated with the two amino groups 
of lysine are changed by formaldehyde. Because these groups 
overlap somewhat, the stoichiometric mid pH values are not 
exactly equal to the pK values of the groups concerned. Formal- 
dehyde produces nearly parallel changes in the titration constants 
of the two groups and the discrepancy between mid pH and pK is 
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Fig. 2. The titration constants of lysine in formaldehyde. The co- 
ordinates are the same as in Fig. 1. The lower curve is started at pK; 
and the upper at pKa. 

















small in any case. The interpretation of the data is considerably 
simplified if the difference is ignored and the stoichiometric mid 
pH treated as equal to pK or pGy; as the case may require. 

In Fig. 2 pG, values are plotted against log F. The curves are 
of the same general form as those obtained with the monoamino 
acids (5). The same form of equation describes them. 

When the curve starts with pKe, the equations are developed 
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from Equations 1, 4, and 7 and the statement of electroneutrality 
a=b-+e+j. The manipulations described in (5) lead to 


G, \1 
(11) (% - :) PF Ly + Ln F = 100M 
In Fig. 3 M is plotted against F. The slope of the straight line 
is 0.01 Le. and the intercept 0.01 Ly. Another way of getting the 
constant Ly is to take advantage of the simplified equation 


(12) pG; = pK. La — 2log F 


which indicates that the part of the upper curve in Fig. 2 having 
a slope of 2, when extrapolated to log F = 0, should have the 
intercept pKaLex2. The values of the constants are given in Table II. 






































TasB.e II 
Constants Determining Behavior of Basic Amino Acids in Formaldehyde 

Amino acid pK: | pK; | pLu | pLu pLis pLa pLa pLa | pGp 
Arginine.......... 8.91 0.15|—5.41 3.45 
ss chaneniak 9.11/10. 56 —1.95)—2.38 —2.40)—2.49) 7.35 
Histidine......... 6.00} 9.17) 0.23|—2.62)—4.5 7.90 

pK: | pK: 

Histamine. .......} 5.95) 9.70 —2.59|—4.5 |—2.86 














In considering the variation of the second amino, pK;, group of 
lysine account must be taken of the reactions used in developing 
pG,,. Would the association of formaldehyde with b affect the 
tendency of the second amino group to dissociate hydrogen ion? 
The reaction of formaldehyde with b does not change the electrical 
charge produced by ionization. The charges seem to be the chief 
influences affecting the dissociation tendencies of other groups. in 
the molecule. The answer to the question is therefore most 
probably negative. The test is to use the constant pK; deter- 
mined in the absence of formaldehyde in the equations developed. 
This was done and found to fit satisfactorily. This justifies the 
writing of 1 or 2 molecules of formaldehyde associated with the 
first amino group in c, g, and m as indicated by X in Table I. 
The hydrogen ion ‘dissociation tendencies of b, e, and j are equal. 
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The equation for electroneutrality at the mid pH of the second 
amino group isb = c +g + m. Equations 13 and 14 are anal- 
ogous to Equations 11 and 12. 


G; i pe 
(13) (% _ :) ha Ins + La F = 100M 


(14) pGy, = pKs Ls — 2 log F 


The plot of Equation 13 on Fig. 3 gives a straight line with inter- 
cept Z,; and slope L;. The extrapolation of the lower curve in 
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Fia. 3. The formaldehyde association constants of lysine. The ordinate 
represents M of Equations 11 (lower curve) and 13 (upper curve); abscissa, 
F in moles per liter. 


Fig. 2 in the proper manner gives pK3Z;. The values of the 
constants may be found in Table II. 

Stoichiometry—The amount of alkali used in the titration of 
lysine in the formol titration depends on the initial pH as well as 
on the end-point (11). At the usual initial pH, 7, lysine is present 
as the monocation. Complete titration therefore requires that 2 
equivalents of alkali be used. The pH of the end-point is deter- 
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mined by pG,,. With the conditions and equations developed in a 
previous paper (6) and pK3;L.; = 8.1, the stoichiometric point is 
pHs; = 9.7 + 0.5 log C where C is the lysine concentration at the 
end-volume. But in a mixture an end-point 0.1 unit more acid 
than this was recommended. By taking this into account the 
error in the titration of the last group would be 0.42/VC. At 0.1 
m lysine this would be 1.3 per cent. The other group would be 
completely titrated and the total error would be 0.65 per cent. 
In dealing with pure lysine the more favorable calculated end- 
point would give an error half as great. 

Sgrensen investigated the stoichiometry of lysine and, with 
conditions under which other amino acids were nearly completely 
titrated, found that 92.5 per cent of the theoretical for one group 
was required. He started from the isoelectric point so that one 
group should have been titrated. Jodidi (3) explained this “‘abnor- 
mality” by assuming that the feeble basicity of one amino group 
affected adversely its ability to combine with formaldehyde. 
Actually the association constants of lysine are between 5 and 10 
times as great as those for most monoamino acids. The greater 
these constants are the more favorable the acid is for accurate 
titration. Responsibility for the low values obtained would 
more justly be placed on the high value of pKs. Sgrensen’s error 
is greater than that calculated above because he corrected for a 
blank which is not allowed for in the equations (6). 

Histidine 

Kossel and Edlbacher (4) adjusted an imidazole solution to pH 
7, added formaldehyde, and titrated with alkali to a thymol- 
phthalein end-point. The quantity of alkali required was 84 to 
85 per cent of the theory for-one group. If the pK of imidazole 
is like that of its methyl derivative (7), this result would have 
been obtained whether the formol had been added or not. The 
lack of a control without formol led these workers to state that 
their experiment demonstrated a reaction between the imidazole 
and formaldehyde similar to that of amino groups. The experi- 
ment does not do this. 

In order to determine whether or not the imidazole group reacts 
with formaldehyde, experiments were performed with 4-(or 5-) 
methylimidazole and with imidazolelactic acid. The solutions 
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were adjusted to the mid-points of the imidazole groups by the 
addition of the requisite amount of acid or alkali and titrated with 
formaldehyde. The results are recorded in Curves I and II of 
Fig. 4. The effect is very much less than with an amino group. 
This may be taken to indicate that the imidazole group does not 
associate formaldehyde (the effect is then ascribed to solvent 
changes) or that both the acid and corresponding base react to 
only slightly different extents. 


2 





0 | 


. og F 

Fie. 4. The titration constants of imidazole derivatives in formalde- 
hyde. The coordinates are the same asin Fig.1. Curve I, 4-(or 5-)methyl- 
imidazole; Curve II, imidazolelactic acid; Curve III, histamine starting 
from pK; Curve IV, histidine, starting at pK.; Curve V, histamine starting 
at pK2; Curve VI, histidine starting at pKs. 


In the case of histidine the major changes produced in pG by 
formaldehyde are interpretable on the basis that the imidazole 
group does not react and the formule have been so written in 
Table I. 

The data for Curve IV in Fig. 4 were obtained on the addition 
of formaldehyde to a histidine solution originally at pH 6, the mid- 
point of the imidazole group (7). The equilibria which must be 
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considered are represented in Equations 1, 3, and 4. The equa- 
tion for electroneutrality isa + d= b+ e. At low formaldehyde 
concentrations d is small and may be neglected. Then Equation 
15 may be derived. 


(15) h = K; + K,LluF 
This equation is plotted in Fig. 5. From the slope of the line 
K2Ly is 4.10 > 4 10-* or pL = —2.62. 

10 





g 


























Pal 


| r 6 
0 
0 ok at. a 8 Te) 
Fig. 5. The formaldehyde association constants of histidine and his- 


tamine. Abscissa, F in moles per liter; ordinates: upper curve, M of Equa- 
tion 16, lower curve, H X 10* (Equation 15). 









































When F is large, pG; = pK2Ly/Lu. This is the constant value 
which Curve IV of Fig. 4 reaches and is equal to 3.15. pLu is 
therefore 0.23. The constant pK,;./Zy is the pK of the acid d. 
Its value 3.15 is characteristic of a carboxyl group in the same 
molecule with an imidazole when the amino group is absent. This 
condition holds in imidazolelactic acid where pK, is 2.99 (7). 
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The agreement is a qualitative confirmation of the absence of the 
charged amino group in d. 

Curye VI of Fig. 4 was obtained on the addition of formaldehyde 
to a histidine solution originally at pH 9.17, the mid-point of the 
amino group. The equilibria that must be considered are Equa- 
tions 2, 4, and 5; and the equation for electroneutrality is b + e = 
ce +g. The extensive changes occur at very low formaldehyde 
concentrations, in fact below stoichiometric quantity. This 
introduces a complication in that the total formaldehyde is far 
removed from the free formaldehyde. However, when F is large 
enough, it may be shown that pG,;, = pKs3Li3/Ly. This would 
indicate that Curve VI should reach a minimum constant value. 
Actually, it has a minimum followed by an increase. The mini- 
mum is at pG; = 7.3, which is consistent with the formulation of 
the acid e, when compared with imidazolelactic acid which it 
resembles. The increase of pG,, which follows, may be ascribed to 
solvent influences or to reaction of the imidazole group with form- 
aldehyde as mentioned above. If 7.3 is accepted as pK3Lu3/Ly 


then pLi = —4.5. Successive approximations applied to the low 
formaldehyde concentrations give pli; = —4.3 with considerable 
uncertainty. The agreement as to order of magnitude is sat- 
isfactory. 


The behavior of histamine in formaldehyde was studied with the 
result that Curves III and V of Fig. 4 were obtained. If it is 
remembered that pK, of histamine belongs to the imidazole group, 
and pK; to the amino group (7), and that no carboxy] is present, 
it is easy to transfer the discussion of histidine to histamine. 
Here again the minimum pH reached by the amino group (7.2) 
in Curve V is characteristic of an imidazole uninfluenced by a 
charged amino group and is comparable to methylimidazole. In 
the study of Curve III it became evident that in addition to the 
reactions of Equations 1, 3, and 4, the association of histamine 
with 2 moles of formaldehyde corresponding to the reaction of 
Equation 6 had to be considered. The equation for electro- 
neutrality isa +h =b+d-+e—h. Whenh is small Equation 
16 holds. 


G 1 
(16) (% ~ 1) paint LaF 
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This equation is plotted in Fig. 5. The intercept is Zu and the 
slope In. pLu = —2.59 and pLa = —2.86. When h becomes 
large, the flattening of the curve to an asymptote at pH 2.4 indi- 
cates that b and a are present in negligible amounts so that h = 
0.5 (d + e). Butd + e is the total histamine concentration in 
this case. The observed maximum h is 4 X 10- and that cal- 
culated is 4.17 X 10-*. The association constants for formalde- 
hyde are so great that it can displace H+ completely from histam- 
ine monohydrochloride. 

Stoichiometry—The stoichiometric behavior of histidine in the 
formol titration was investigated by Sgrensen (10) who found that 
theoretical values were approached as the end-point became more 
alkaline. The formaldehyde concentration at the end-point had 
very little effect. Even under the most favorable conditions 
histidine was not titrated completely. Henriques and Gjalbak (2) 
and Kossel and Edlbacher (4) also titrated histidine but obtained 
values greater than the theory for 1 equivalent. The difference 
between the results of these authors and those of Sgrensen is due 
to the difference in the initial pH. Sgrensen started at the iso- 
electric point, whereas the others first adjusted the pH to7. The 
recent paper of Van Slyke and Kirk (11) discusses the effect of the 
initial pH on the formol titration. The conditions of the usual 
formol titration cannot give the desired stoichiometric relation 
for histidine except through a balancing of errors. 

The end-point conditions for histidine are quite different from 
those of the monoamino acids. The constant of the group that 
determines the end-point does not change greatly with the formal- 
dehyde concentration when it is large. The most favorable 
formaldehyde concentration for histidine is at about 0.1 m instead 
of 2.3 m as advocated for mixtures (6). Calculations based on the 
principles previously used show the stoichiometric end-point in 
2.3 m formaldehyde to be 10 — 0.5 log C, where C is the histidine 
concentration. The error of the titration, when carried to the 
end-point for mixtures (9.6 — 0.5 log C), is 2.34//C or ina 0.1™M 
histidine solution, 7.4 per cent. An error of greater magnitude is 
involved in the original adjustment to pH 7. Only by an acci- 
dental balancing of the errors would the theoretical 1 equivalent 
be found. If the titration concerns histidine in the absence of 




































380 Amino Acids in Formol Titration 


other amino acids, much better results are theoretically possible 
by adjusting the initial pH to 4, where histidine is all in the form 
of the monocation, and using only small amounts of formaldehyde, 
less than 0.5 m. The end-point would then be at 9.5. The 
advantage in the initial step is that the pH suggested is in the most 
poorly buffered region of the histidine curve. The amino and 
imidazole groups are too close together to permit as accurate 
an adjustment. The use of dilute formaldehyde is to take ad- 
vantage of the minimum pG,; shown. It has the further advan- 
tage that the amount of alkali used by formaldehyde is diminished 
so that the end-point is sharper. 


DISCUSSION 


It is a common conception that the titration constants shifted 
by formaldehyde are to be assigned to amino groups. Aside from 
the fact that imino groups as in proline also react, the interpreta- 
tion of formaldehyde shifts must be considered carefully on the 
basis of such possibilities as are illustrated by histidine and hista- 
mine. When a molecule contains other acidic ahd basic groups 
not far removed in strength from the amino group, the possibility 
of internal H ion shifts exists. Only a close study of such cases is 
likely to lead to correct conclusions about the assignment of 
constants. Conversely, in the presence of an amino group, a 
shift in a constant ordinarily assigned to another group does not 
necessarily imply that the second group reacts with formaldehyde. 
Internal shifts of H ions may occur and thereby produce changes 
in the apparent constants. 

The constants determining the behaviors of the basic amino 
acids in the formol titration, according to the unified system 
presented in the theoretical part, are collected in Table II. Per- 
haps the most striking thing about these constants is that they are 
usually much larger than the corresponding constants for the 
monoamino acids (5). 


SUMMARY 


A unified systematic treatment of the equilibria between dibasic 
amino acids and formaldehyde has been developed and applied 
to arginine, histidine, and lysine. Only the amino groups are 
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considered as reacting with formaldehyde, each of them reacting 
with 1 or 2 molecules of formaldehyde successively. The stoichi- 
ometry of each amino acid in the formol titration is discussed 
with reference to its equilibria. 
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THE EFFECT OF OXYGENATION AND REDUCTION ON 
THE EQUILIBRIUM OF HEMOCYANIN WITH ACIDS 
AND BASES 
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Bohr, Hasselbalch, and Krogh discovered in 1904 that carbon 
dioxide diminished the affinity of hemoglobin for oxygen, a phe- 
nomenon commonly known as the “Bohr effect.’”’” In 1914, Chris- 
tiansen, Douglas, ard Haldane demonstrated that the reciprocal 
effect occurs; that blood has a higher carbon dioxide-absorbing 
capacity in the reduced than in the oxygenated form. It was 
pointed out by Henderson (1920) that this reciprocal relationship 
is a physical necessity and could be explained by assuming that 
combination of hemoglobin with oxygen increased the acidity of 
one monovalent acid group in the molecule. This explanation 
was confirmed by Hastings, Van Slyke, Neill, Heidelberger, and 
Harington (1924). 

Redfield, Coolidge, and Hurd reported in 1926 that the normal’ 
Bohr effect is reversed in the physiological range in the hemocya- 
nins of Limulus polyphemus and Busycon canaliculatum. Further- 
more, oxygenation decreases the acidity of the Busycon blood, 
while not measurably affecting that of Limulus. There is some 
evidence that the groups.involved in the reciprocal relationship 
are divalent. Redfield, Mason, and Ingalls (1932) have shown 
that in the production of the colorless form of Limulus hemo- 
cyanin on the addition of hydrochloric acid, the hemocyanin be- 
haves as a divalent base. The effect of salts and hydrogen ion 
activity on the oxygen dissociation constant of Busycon may be 
interpreted on the assumption that the group involved is divalent 
(Redfield and Ingalls, 1932). 

This paper describes experiments in which the titration curves 
of the oxygenated and of the reduced hemocyanins of the lobster, 
383 
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Homarus americanus, and of the horseshoe crab, Limulus poly- 
phemus, were determined. From the data, the effect of oxygena- 
tion and reduction on the equilibrium of these hemocyanins with 
acids and bases can be deduced. The number of acidic or basic 
groups affected by the union of each molecule of oxygen with the 
hemocyanin is indicated, as well as the magnitude of the change 
in their dissociation constants. The latter magnitude is related 
to the degree to which the oxygen dissociation constant may be 
altered by a change in hydrogen ion activity. 


EXPERIMENTAL 


The hydrogen ion activities of solutions of oxygenated and re- 
duced hemocyanins, to which varying amounts of NaOH and HCl 
had been added, were determined by the glass electrode. The 
electrode vessel used resembled that described by Stadie, O’Brien, 
and Laug (1931). The glass electrodes were constructed accord- 
ing to the method of MacInnes and Dole (1930). The electromo- 
tive force from the cell was opposed by one from a Leeds and 
Northrup type K potentiometer. The point of balance was deter- 
mined by an electron tube potentiometer similar to that described 
by Soller (1932). The electrode was standardized over a narrow 
pH range, just before being used, by plotting the electromotive 
force given by a buffer against the pH value as determined by the 
hydrogen electrode. For use in these experiments phosphate and 

‘borate buffers were prepared at intervals of 0.4 pH from pH 5.8 
to 9.8. 

Samples of Limulus serum were prepared by adding 10 ce. of 
water containing varying quantities of NaOH or HCl to 10 ce. of 
the serum. The mixtures were allowed to stand overnight in the 
cold before being used. Then each sample was divided into two 
portions, both of which were completely evacuated in separate 
tonometers to remove all oxygen and carbon dioxide. Hydrogen 
was passed into one tonometer and oxygen into the other. They 
were rotated for 15 minutes in a water bath maintained at 25° 
to insure that equilibrium was reached. The solutions were 
forced into the electrode vessel by the excess pressure of gas in 
the tonometers. At least three consecutive fillings from each 


1 This electron tube potentiometer was designed by and constructed 
under the supervision of Professor Jeffries Wyman, Jr. 
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portion were made, and at least three readings taken for each 
filling. Immediately afterward the same procedure was repeated 
with the other portion of the sample. The amount of hemocyanin 
present in the stock solution was calculated from the copper con- 
tent, as determined by the method of Redfield, Coolidge, and 
Shotts (1928). Most of the readings on any portion checked 
within 0.01 pH. The best values, from nine to sixteen in number, 
were used to compute the average pH. The readings for a typical 
pair of samples are given below. 


Electromotive Force of Limulus Serum 








Reduced serum Oxygenated serum 
0.4762 | 0.4764 | 0.4761 | 0.4761 | 0.4760 | 0.4763 | 0.4760 | 0.4760 
0.4761 | 0.4762 | 0.4759 | 0.4760 | 0.4762 | 0.4758 | 0.4760 | 0.4759 
0.4761 | 0.4761 0.4762 | 0.4762 | 0.4759 0.4760 | 0.4761 | 0.4761 























Purified Limulus hemocyanin was prepared by dialyzing serum 
in the cold under reduced pressure against 0.00001 n NaOH for 3 
days, and against 0.00025 n NaOH for 10 days. The dialyzed 
solution, practically free from salts, was diluted and the hemocya- 
nin was precipitated in the region of its isoelectric point by addi- 
tion of 0.01 n HCl. The precipitate was separated by centrifug- 
ing, redissolved in 0.02 n NaOH, and filtered. Precipitation near 
the isoelectric point and resolution with NaOH was repeated twice. 
The resulting solution was kept in the cold and was diluted when- 
ever used. Four determinations of the copper content gave 
0.1726, 0.1724, 0.1728, and 0.1704 per cent of the dry weights. 
These values are in good agreement with that obtained by Red- 
field, Coolidge, and Shotts (0.173 per cent), and indicate that the 
solution used was pure. The samples were prepared by adding 
10 ec. of water, containing various quantities of HCl or NaOH, to 
5 ec. of the hemocyanin solution. The resulting concentration 
was 2.114 gm. of protein per 100 cc. The preparation employed 
contained 9 X 10-* moles of base per gm. of hemocyanin as deter- 
mined by the quantity of dilute HCl required to produce maximal 
precipitation in the region of the isoelectric point. This quantity 
was added to the NaOH (or subtracted from HCl) mixed with the 
sample in estimating the amount of base in the samples. The 
experimental procedure described for the serum was then followed. 
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The range covered was pH 6.2 to 10. In more acid solutions the 
protein is precipitated. 

Lobster serum was diluted with an equal volume of water con- 
taining various quantities of acid or base. The concentration of 
hemocyanin, calculated from the copper content as determined in 
this laboratory (0.173 per cent), was 3.51 gm. in 100 cc. of the 
serum.” 

Possible sources of error and the methods used to eliminate them 
are listed below. 

Temperature Fluctuation—The temperature was regulated to 
0.1°. Since a temperature change of 25° causes a maximum pK 
shift of 0.86 pH unit (Cohn, 1931), the error due to temperature 
fluctuation would be about 0.0034 pH unit. 

Changes in Cell Constant—This is likely to be very small. 
However, the number of readings taken and the rechecks eliminate 
it as a serious factor. 

Gaseous Interchange in Electrode Vessel—Stadie, O’Brien, and 
Laug (1931), using the same type of electrode vessel, studied the 
change in pH of serum equilibrated with 40 mm. of carbon dioxide 
due to loss of the gas during the measurement. In one case the air 
in the pipette was first swept out by carbon dioxide; in the second 
case the operation was omitted. There were no differences in the 
values obtained. I was not able to detect any definite drifts 
during the measurements made upon lobster serum, a blood in 
which oxygenation and reduction affects the pH. 

Effect of Na above pH 9.5—MaclInnes and Dole (1930) report 
that the pH values calculated by their equation deviate about 0.02 
unit from the hydrogen electrode values at pH 9.5 in the presence 
of 0.1 N Na. These deviations, which increase rapidly above pH 
9.5, are due to the fact that the system is also functioning as a 
sodium electrode. Although the electrode was standardized with 
buffers above pH 9.5, a small error might be introduced in the 
absolute value of the pH due to differences in sodium concentration 
of hemocyanin solutions and buffers. Since no correction has 
been made for this factor, it is probable that the pH values shown 
above 9.5 are slightly in error. No significant conclusions have 


* Hernler and Philippi (1933) report a copper content of 0.187 per cent. 
If their value is used, the concentration of hemocyanin is 3.25 gm. per. 
100 cc. of serum. 
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; been drawn involving the absolute value of the pH measurements 
above this limit. 


Results 


The results obtained with both the serum and dialyzed hemo- 
cyanin solution of Limulus polyphemus are recorded in Tables I 
and II. They show that the pH is not affected by oxygenation 


er Se SS FF 


TaBLe I 
pH Values of Oxygenated and Reduced Samples of Limulus Serum 


Concentration = 2.15 gm. per 100 cc.; 1 cc. of 0.1 Nn HCl or NaOH = 
23.3 X 10-5 moles per gm. of hemocyanin; temperature = 25°. 








Base added* Base added PH reduced pH oxygenated 
ce. 10°* moles per gm. 
—1.0 —23.3 6.530 6.522 
—0.75 —17.46 6.780 6.731 
—0.5 —11.65 7.000 6.988 
—0.4 —9.32 7.111 7.120 
—0.2 —4.66 7.282 7.291 
—0.1 —2.33 7.420 7.421 
0.0 0.0 7.480 7.480 
' 0.2 4.66 7.690 7.700 
0.4 9.32 7.850 7.830 
0.5 11.65 8.060 8.075 
0.6 13.98 8.261 8.262 
0.7 16.31 8.410 &.391 
1.0 23.30 8.710 8.720 
1.4 32.62 9.232 9.230 
2.0 46.60 9.600 9.600 
2.5 58.20 9.961 9.960 














* Minus values indicate addition of HCl. 


and reduction in the pH range 6.51 to 9.96. The difference 
between any two points in a pair is in practically every case 0.02 
pH or less, and in most cases 0.01 pH or less. Since these differ- 
ences show no definite direction and are within the experimental 
error, it may be stated that the acid and basic properties of Limulus 
hemocyanin are not significantly changed by combination with 
oxygen. This is in agreement with Redfield, Coolidge, and Hurd’s 
report (1926) that oxygenation and reduction had no effect on the 
carbon dioxide-combining capacity of Limulus hemocyanin. 
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TaBLe II 





pH Values of Oxygenated and Reduced Samples of Purified Hemocyanin 


Concentration = 2.114 gm. per 100 cc.; base bound = 9 X 10-* moles 
per gm.; 1 cc. of 0.1 N HCl or NaOH = 31.53 X 10~* moles per gm.; temper- 


ature = 25°. 





pH oxygenated 





Base added* Base present pH reduced 

ce. 10-5 moles per gm. 

—0.2 2.7 6.241 

—0.1 5.85 6.413 
0 9.0 6.701 
0.1 12.15 6.850 
0.2 15.3 7.112 
0.3 18.45 7.281 
0.4 21.6 7.461 
0.5 24.75 7.691 
0.6 27.9 7.891 
0.7 31.05 8.120 
0.8 34.2 8.310 
1.0 40.5 8.811 
1.2 46.8 9.152 
1.4 53.1 9.781 











SSgSs 





* Minus values indicate addition of HCl. 


TABLE III 


pH Values of Oxygenated and Reduced Samples of Serum of Homarus 


americanus 


Concentration = 0.755 gm. per 100 cc.; 1 ce. of 0.1 Nn HCl or NaOH = 


56.9 X 10-5 moles per gm.; temperature = 25°. 





pH oxygenated 





Acid added Acid added PH reduced 
ce. 10-5 moles per gm. 
1.5 85.3 6.151 
1.25 , & 6.731 
1.00 56.9 7.155 
0.8 45.5 7.411 
0.65 37.0 7.570 
0.4 22.86 7.845 
0.2 11.48 8.090 
0 0 8.520 











6.151 
6.690 
7.095 
7.372 
7.531 
7.820 
8.071 
8.510 
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It is shown in Table III that the oxygenated serum of Homarus 
americanus, the lobster, is more acid than the reduced. The 
differences in the base-binding capacity of the oxygenated and 
reduced forms at various pH values can be determined by plotting 
graphs of these data. The difference in base-binding power occurs 
over the range pH 6.2 to 8.4 with a maximum of 0.23 K 10-* moles 
per gm. at pH 7.25. The copper content of lobster hemocyanin is 
0.29 X 10-* moles per gm. Thus, combination of the hemocyanin 
with 1 atom of oxygen has increased the base-binding power by 
0.758 equivalent. 

The data of the experiments described above and of other similar 
experiments have been analyzed to determine how many and what 
types of acid or basic groups are involved, and to estimate the 
magnitudes of the shifts in the dissociation constants. The 
graphical method described by Hastings et al. (1924) was used in 
this treatment. 

Fig. 1 shows the equivalents of acid or base displaced from a 
monovalent group by shifts of the magnitude pK» — pK;. The 
curves were constructed from the formula 


1 1 
~ 1 + 10PKe-pH ~ 1 + 10PKi-pH 





AB 


Fig. 2 was constructed on the assumption that the addition of 1 
atom of oxygen caused a simultaneous shift in two monovalent 
groups. The equation is 





1 1 
= (; + 10PKe-pH ~ 1 4 i9pK-7E) 
Fig. 3 was constructed for a divalent group from the formula 


- 1 
= 1+ 19P Ko—2pH a 1+ 19PKi—2pH 





AB 


Analysis of the three equations shows that in each case the maxi- 
mum value of AB occurs when pH = (pK; + pKo)/2. For each 
of the graphs pK» was arbitrarily set equal to 0. The curves can 
be made to correspond to the pH range of the experiments by 
adding the appropriate quantity to the pH values of Figs. 1 to 3. 
By a comparison of the experimental results with the curves of 
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Fig. 1. The equivalents of acid or base, AB, displaced from a single 
monovalent group by increase of the pK value of the magnitude indicated 
over each curve; at pH values measured relative to the pK characteristic 
of the initial state of the group. j 
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Fig. 2. The equivalents of acid or base, AB, displaced simultaneously 
from two monovalent groups; at pH values measured relative to the pK 
characteristic of the initial state of the group. 
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Fig. 3. The equivalents of acid or base, AB, displaced from a single 
divalent group; at pH values measured relative to the pK characteristic 
of the initial state of the group. 

















Fie. 4. Comparison of the change in the base bound by lobster hemo- 
cyanin as the result of reduction with that estimated for monovalent and 
divalent groups. 
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Figs. 1 to 3 (see Fig. 4), it is possible to identify the number and 
kind of groups, and to estimate ApK. 


Comparison of Effect of Oxygenation on Titration Curves of Various 
Respiratory Proteins 


Homarus americanus—An inspection of Fig. 4 indicates that a 
divalent group is involved and that its dissociation constant is 
decreased by about 0.85 pH unit by the oxygenation of the hemo- 
cyanin. Obviously the pH range over which the difference occurs 
in the case of the experimental data is too small to correspond to 
that characteristic of monovalent groups. 

Limulus polyphemus—Since the reaction of the Limulus blood 
is not measurably affected by oxygenation, there is no detectable 
shift in the dissociation constant. 

Maia squinado—Kerridge (1926) used carbon dioxide as acid 
and determined the value of pH by means of a glass electrode. 
The maximum value of dB/dHcyCuO is about 0.55. If it is as- 
sumed that the group involved is divalent, the shift in dissociation 
constant is about 0.5 to 0.6 pH unit. However, the data are not 
sufficiently precise to make such a conclusion certain. 

Helix pomatia—Roche (1932) has studied the effect of oxygena- 
tion on the titration curves of the dialyzed hemocyanin of Helix 
pomatia. The oxygenated form is a stronger acid from pH 6.5 to 
8.0 and a weaker acid from pH 8.0 to 9.5. The maximum values 
of dB/dHeyCuO are +0.7. These figures correspond more closely 
to divalent groups shifting by about 0.8 pH unit than to the other 
types. Roche has estimated that oxygenation shifts the dissocia- 
tion constant of the titration curve by 0.6 to 0.7 pH unit. 

Hemoglobin—Carbon dioxide absorption curves were determined 
on oxygenated and reduced solutions of purified horse hemoglobin 
at 38° by Hastings ef al. (1924). The pH was calculated from the 
Henderson-Hasselbalch equation. From results obtained over the 
pH range 6.8 to 7.6, the oxygenated hemoglobin was found to be a 
stronger acid. The maximum value for dB/dHbFeQO, was 0.66 
and occurred at pH 7.6. pH was estimated to be 1.46 pH units 
for a monovalent group. 

SUMMARY 


1. The titration curves of the oxygenated and reduced forms of 
Limulus serum, dialyzed Limulus hemocyanin, and Homarus serum 
have been determined. 











J. Shack 393 





2. Oxygenation does not measurably change the hydrogen ion 
activity of either the serum or dialyzed hemocyanin of Limulus. 

3. The addition of oxygen makes the serum of Homarus ameri- 
canus more acidic. The maximum difference in base bound by 
the oxygenated and reduced forms is 0.758 equivalent for each 
atom of oxygen. 

4. Analysis has indicated that oxygenation decreases the disso- 
ciation constant of a divalent acid or basic group by about 0.8 to 
0.9 pH unit. 
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THE INFLUENCE OF EPINEPHRINE ON THE PURINE 
METABOLISM OF ORDINARY AND DALMATIAN 
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In two previous communications it was shown that the subcu- 
taneous injection of insulin led to an increased excretion of allan- 
toin in the dog of ordinary breed (1), whereas in the Dalmatian 
this hormone effected a rise in uric acid of the blood as well as in 
the excretion of this substance in the urine (2). In the latter 
breed it was found that a time interval of at least 1 hour elapsed 
before the blood uric acid began to rise, although the blood sugar 
had fallen to low levels by that time. It seemed a reasonable 
inference, therefore, that the rise in uric acid was secondary to the 
hypoglycemia rather than a direct effect of insulin. This was 
later shown to be the case when it was observed that the rise in 
blood urie acid did not occur if glucose sufficient to prevent the 
fall in blood sugar was administered just prior to the insulin. 
In view of the well known action of hypoglycemia in releasing 
epinephrine from the adrenal gland, it became of interest to 
consider the possibility that it was by way of epinephrine that 
insulin affected the purine metabolism, or, in other words, that 
the epinephrine was the direct stimulus to the rise in blood uric 
acid observed under the influence of insulin. Although an attrac- 
tive suggestion, this hypothesis lacked satisfactory evidence to 
substantiate or refute it. To supply the deficiency in some 
measure has been the purpose of the present investigation. It has 
been claimed that epinephrine is capable of affecting purine metab- 
olism in various species of animals (3-12), but the results reported 
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have not been uniform. Moreover, no studies dealing with the 
effects of this hormone on the Dalmatian coach-dog have as yet ap- 
peared. In order to determine the interplay of the two hormones, 
insulin and epinephrine, in relation to purine metabolism, a study 
was, therefore, made of the influence of epinephrine upon the 
purine constituents of blood and urine in the same breeds of dogs, 
namely the dog of ordinary breed and the Dalmatian, and under 
conditions comparable to those previously reported by us for 
insulin (1,2). 


EXPERIMENTAL 


Dogs of ordinary breed and Dalmatian coach-dogs were used 
in this study. In the former, the effect of epinephrine on the 
excretion of allantoin was investigated; the care of the animals 
and the methods of analysis were identical with those previously 
used in the study of the effects of insulin on this breed. In the 
case of the Dalmatians, the influence of epinephrine on the excre- 
tion of allantoin and uric acid in the urine and on the occurrence 
of uric acid in the blood was investigated, and: here again the 
methods employed in the study of insulin in Dalmatians (2) were 
adopted in all details. In the urinary studies, 4 days of a nitrogen 
equilibrium in which the daily excretion of total nitrogen did not 
vary by more than 0.20 gm. were accepted as a control period 
prior to the injection of epinephrine. 

All injections of epinephrine were made subcutaneously. With 
one exception, the dose employed was in the neighborhood of 0.10 
mg. per kilo of body weight, a dose which, when given to the dog 
in this manner, has been shown to be insufficient to raise the blood 
pressure (13). 


Results 


Effect of Epinephrine on Excretion of Allantoin by the Dog of 
Ordinary Breed—Four animals were injected with the hormone 
and an abbreviated form of the results obtained on two of these, 
namely Dogs E and T, is shown in Table I. With the exception 
of Dog T, which received two injections of the hormone—the first 
to the amount of 0.20 mg. per kilo of body weight—these animals 
received subcutaneously 0.10 mg. of epinephrine per kilo of body 
weight. During the 5 hour period that followed the injection, the 











XUM 


Chaikoff, Larson, and Read 397 


allantoin excretion of all four dogs rose markedly as compared 
with the elimination during the corresponding 5 hours of the 


TaBLe I 
Effect of Epinephrine on Excretion of Allantoin by Dogs of Ordinary Breed 





























Day of Allantoin N Urine volume 
experiment 
19 hrs. 5 hrs. 24 hrs. 19 hrs. 5 hrs. 
gm. gm. gm. cc. ce. 
Dog E 3 0.165 0.032 0.197 130 45 
4 0.150 0.035 0.185 130 50 
5 0.162 0.087 0.249 130 45 
6 0.180 0.037 0.217 145 25 
7 0.145 0.035 0.180 150 35 
Dog T 2 0.109 0.028 0.137 115 25 
6 0.121 0.026 0.147 120 25 
7 0.120 0.089 0.209 180 15 
8 0.136 0.025 0.161 130 50 
9 0.118 0.031 0.149 120 30 
13 0.115 0.029 0.144 125 30 
14 0.118 0.029 0.147 125 30 
15 0.110 0.060 0.170 130 25 
16 0.105 0.029 0.134 130 25 
17 0.114 0.030 0.144 125 25 





Dog E—This dog was catheterized at 7.30 a.m. and 12.30 p.m. daily; 
fed at 12.40 p.m. daily. Diet: 130 gm. of diet mixture + 22 gm. of lard + 
11 gm. of unsalted butter. Diet N = 5.85 gm. per 100 gm. of diet mixture. 
On the 5th day 0.10 mg. of epinephrine per kilo of body weight was injected 
subcutaneously at 7.30a.m. The period of 19 hours represents the interval 
from 12.30 p.m. to 7.30 a.m.; the period of 5 hours, 7.30 a.m. to 12.30 p.m. 
The dog weighed 12.8 kilos. 

Dog T—This dog was catheterized at 7.30 a.m. and 12.30 p.m. daily; 
fed at 12.40 p.m. daily. Diet: 110 gm. of diet mixture + 20 gm. of lard 
+ 10 gm. of unsalted butter. , Diet N = 5.85 gm. per 100 gm. of diet mix- 
ture. On the 7th day 0.20 mg: of epinephrine per kilo of body weight was 
injected subcutaneously at 7.30 a.m.; on the 15th day 0.10 mg. of epi- 
nephrine per kilo of body weight was injected subcutaneously at 7.30 a.m. 
The period of 19 hours represents the interval from 12.30 p.m. to 7.30 a.m.; 
the period of 5 hours, from 7.30 a.m. to 12.30 p.m. The dog weighed 
11.5 kilos. 


previous day. Thus the allantoin nitrogen excreted during the 
5 hour period on the day preceding the injection was 26, 35, 29, 
and 29 mg. for Dogs A, E, S, and T respectively, whereas during 
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the corresponding 5 hours following the administration of epineph- 
rine (0.10 mg. per kilo of body weight) these animals excreted 59, 
87, 53, and 60 mg. respectively—increases ranging from 83 to 150 
per cent. Dog T, on the occasion when it received the larger dose 
of epinephrine, excreted 89 mg. of allantoin nitrogen, an increase of 
240 per cent above the amount excreted in the previous control 
period. 

In all dogs except Dog E, the elimination of the extra allantoin 
produced by the hormone was complete by the end of 5 hours 
when the amount of epinephrine injected was 0.10 mg. per kilo of 
body weight. On the single occasion when Dog T received twice 
this quantity of the hormone, an increased elimination of allantoin 
was also found in the next (19 hour) period. 

Despite the extra output of allantoin during the first 5 hours 
following the injection of epinephrine, no change in urine volume 
was found for this period. 

Effect of Epinephrine on Excretion of Allantoin and Uric Acid 
by the Dalmatian Coach-Dog—Three Dalmatians received epineph- 
rine injections and an abbreviated form of the results obtained on 
two of these animals, namely Dogs P and S-S, is shown in Table 
II. A pronounced increase in the output of uric acid by all 
animals was observed after the subcutaneous injection of approxi- 
mately 0.10 mg. of epinephrine per kilo of body weight. The 
greater elimination of uric acid occurred during not only the first 
5 hours following the administration of the hormone, but the next 
19 as well. In two of the three dogs, namely Dogs D-S and P, 
the major portion of the extra uric acid was found in the first 
5 hour sample of urine. 

An increased elimination of allantoin also followed the injection 
of epinephrine. Dog P responded by approximately doubling its 
normal elimination during the first 5 hours and by significantly 
increasing this amount during the subsequent 19 hours. The 
most marked effect was found in Dog S-S, in which the output of 
allantoin rose 162 per cent during the first 5 hours. In this 
animal, moreover, the output of allantoin was significantly in- 
creased in the next 19 hours. The least effect was observed in 
Dog D-S, which nevertheless showed a 33 per cent increase in its 
elimination of allantoin in the 5 hour sample of urine. 

An increase in urinary volume, varying in degree in different 
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TaBe II 
Effect of Epinephrine on Excretion of Allantoin and Uric Acid by Dalma- 











tian Dogs 

Day of Allantoin N Uric acid N Urine volume 

experi- 
ment /19hrs.| 5 hrs. | 24 brs. | 19 hrs. | 5 hrs. | 24 hrs. | 19 hrs. | 5 brs. 
gm. gm. gm. gm. gm. gm. ce. cc. 
Dog P 1 0.076 0.019) 0.095; 0.127) 0.038) 0.165) 500 | 200 
2 0.077; 0.020) 0.097) 0.139) 0.035) 0.174) 800 | 350 
6 0.078) 0.016) 0.094) 0.140) 0.029) 0.169; 600 | 100 
7 0.078) 0.038} 0.116) 0.140] 0.097) 0.237; 600 | 300 
8 0.090} 0.022) 0.112) 0.160) 0.042) 0.202} 700 | 150 
9 0.079) 0.020) 0.099) 0.106) 0.035) 0.141) 550 | 250 
10 0.080} 0.020) 0.100} 0.139) 0.032) 0.171) 550 150 
Dog D-S 1 0.093) 0.018) 0.111) 0.123) 0.045) 0.168 70 
2 0.096} 0.017) 0.113) 0.101) 0.042) 0.143 65 
3 0.090; 0.017; 0.107) 0.111) 0.047) 0.158 70 
4 0.092) 0.035) 0.127) 0.102) 0.086) 0.188 250 
5 0.110) 0.021) 0.131) 0.137) 0.032) 0.169 110 
6 6.089) 0.016) 0.105) 0.112) 0.046) 0.158 75 
Dog 8-S 1 0.090} 0.017) 0.107) 0.111) 0.017) 0.128 70 
2 0.091) 0.015) 0.106; 0.110) 0.016) 0.126 80 
3 0.094 0.016) 0.110) 0.117; 0.021; 0.138 80 
4 0.089) 0.042) 0.131) 0.106) 0.046) 0.152 140 
5 0.108) 0.020) 0.128) 0.126) 0.032) 0.158 80 
6 0.087; 0.016) 0.103) 0.105) 0.022) 0.127 85 
































Dog P—This dog was catheterized at 9.00 a.m. and 2.00 p.m. daily; 
fed at 2.10 p.m. daily. Diet: 210 gm. of diet mixture + 38 gm. of lard + 
14 gm. of unsalted butter. Diet N = 5.85 gm. per 100 gm. of diet mixture. 
On the 7th day 0.10 mg. of epinephrine per kilo of body weight was injected 
subcutaneously at 9.00a.m. The period of 19 hours represents the interval 
from 2.00 p.m. to 9.00 a.m.; the period of 5 hours, from 9.00 a.m. to 2.00 
p.m. The dog weighed 18.0 kilos. 

Dog D-S—This dog was catheterized at 8.00 a.m. and 1.00 p.m. daily; 
fed at 1.10 p.m. daily. Diet: 210 gm. of diet mixture + 38 gm. of lard + 
19 gm. of unsalted butter. Diet N = 5.78 gm. per 100 gm. of diet mixture. 
On the 4th day 2.0 mg. of epinephrine were injected subcutaneously at 
8.10 a.m. and 0.09 gm. of glucose was excreted during the 5 hour interval; 
on the 5th day 0.68 gm. of glucose was found in the 19 hour sample of 
urine. The period of 19 hours represents the interval from 1.00 p.m. to 
8.00 a.m.; the period of 5 hours, from 8.00 a.m. to 1.00 p.m. The dog 
weighed 19.1 kilos. 

Dog S-S—This dog was catheterized daily at 8.05 a.m. and 1.05 p.m.; 
fed daily at 1.10 p.m. Diet: 200 gm. of diet mixture + 36 gm. of lard + 
18 gm. of unsalted butter. Diet N = 5.78 gm. per 100 gm. of diet mix- 
ture. On the 4th day 2.0 mg. of epinephrine were injected subcutaneously 
at 8.10 a.m. and 0.06 gm. of glucose was excreted during the 5 hour inter- 
val; on the 5th day 0.29 gm. of glucose was found in the 19 hour sample 
of urine. The period of 19 hours represents the interval from 1.05 p.m. 
to 8.05 a.m.; the period of 5 hours, from 8.05 a.m. to 1.05 p.m. The dog 
weighed 19.3 kilos. 
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experiments, was observed in the 5 hour period that followed the 
administration of epinephrine. 

Effect of Epinephrine on Uric Acid of Blood of the Dalmatian 
Coach-Dog—The changes in blood uric acid that followed the 
subcutaneous injection of 0.10 mg. of epinephrine per kilo of body 
weight in three of the four dogs studied are shown in Table III. 








TaBLe III 
Effect of Epinephrine on Blood Uric Acid of Dalmatian Coach-Dogs 
Weight Time Blood uric acid Blood sugar 
kg. min. mg. per cent mg. per cent 

Dog P 18.5 0 0.44 71 
3 1.8 mg. epinephrine subcutaneously 

60 0.82 105 

120 1.78 136 

178 2.40 148 

244 2.75 152 

341 1.95 118 

459 0.64 88 

Dog D-S 20.5 0 0.38 ; 81 
2 2.0 mg. epinephrine subcutaneously 

54 0.63 91 

104 1.05 136 

167 1.32 150 

224 1.14 127 

312 0.88 109 

433 0.68 98 

Dog 8-S 20.0 0 0.43 79 
3 2.0 mg. epinephrine subcutaneously 

53 0.92 99 

100 1.83 120 

164 2.00 127 

221 5 ae 120 

308 1.23 107 

429 0.89 95 

















A rise occurred in all animals. The normal postabsorptive values 
fluctuated between 0.38 and 0.50 mg. per 100 cc. of blood, whereas 
the maximum values obtained after the injection of the hormone 
were 2.75, 2.00, 2.00, and 1.32 mg. per cent in Dogs P, S-S, L-A, 
and D-S respectively, the latter values representing increases 
between 250 and 530 per cent above the normal. At the end of 
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the Ist hour after the administration of epinephrine, rises in uric 
acid ranging from 66 to 110 per cent of the normal values were 
observed in the blood of these dogs. The highest values were 
found between 2.7 and 4 hours after the administration of the 
hormone. The blood uric acid then slowly descended and remained 
well above the normal level even after 7 hours in three of the four 
animals studied. In Dog L-A normal values were regained after 
7.5 hours. 

As control experiments, three of the Dalmatian dogs were 
injected subcutaneously with 2 cc. of sterile 0.8 per cent saline. 
No significant changes were found in the uric acid content of the 
blood during the 7 or 8 hours following the injection of the saline. 


DISCUSSION 


Epinephrine, administered subcutaneously in amounts that 
produce no change in blood pressure, has a striking effect on the 
purine metabolism of the dog of ordinary breed and on the Dalma- 
tian coach-dog. In the former, the influence of this hormone was 
demonstrated upon allantoin, a pronounced increase in the excre- 
tion of this substance in the urine having been observed on five 
different occasions in four animals. In the Dalmatian coach-dog, 
epinephrine led to a marked rise in the elimination of uric acid and 
allantoin in four experiments on three animals. In the latter 
breed a varying degree of diuresis accompanied the increased excre- 
tion, but this can be definitely ruled out as the factor responsible 
for the presence of the augmented amounts of uric acid in the 
urine, since there was a considerable rise also in the blood uric acid, 
a rise prolonged for well over 7 hours after the administration of 
the epinephrine. In previous studies (1, 2) no relation was found 
between urinary volume and the amount of allantoin excreted. 
Thus, in the case of the dog of ordinary breed, insulin effected a 
rise in the excretion of allantoin, while the urine volume remained 
constant; in the Dalmatian, on the other hand, this hormone led 
to an increase in urine volume but to no alteration in the amount 
of allantoin eliminated. It seems a reasonable inference, there- 
fore, that the augmented output of allantoin observed under the 
influence of epinephrine was not the result of the accompanying 
diuresis. 

It has been previously demonstrated that insulin is capable of 
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increasing the concentration of uric acid in the blood of the 
Dalmatian coach-dog (2). Although 3 hours after the injection 
of insulin the blood uric acid reached a value 3 times that of the 
normal level, this constituent of the blood was not significantly 
altered at the 1 hour interval following the administration of the 
hormone. This delay in the change of the blood uric acid is 
apparently a characteristic phenomenon in the action of insulin, 
for it was observed with remarkable regularity in the four Dalma- 
tians studied. It is worthy of note, therefore, that no such 
delayed response as regards epinephrine was found in this breed 
of dog. At the end of the 1st hour the blood uric acid had already 
risen significantly, in one case to a level 110 per cent above normal. 
The response of blood uric acid to epinephrine is probably an 
immediate one. 

A close correlation between the duration of the hyperuric- 
acidemia and the presence of increased amounts of uric acid in the 
urine was found in the Dalmatian coach-dog after the administra- 
tion of épinephrine. Although observations on blood and urine 
were not made simultaneously, approximately the same doses of 
epinephrine were employed throughout in this breed of dog. The 
major portion of the extra uric acid that made its appearance in 
the urine as a result of the injection of epinephrine was excreted 
during the first 5 hours, at the end of which time the peak in the 
rise of the blood uric acid had already been passed. In all animals, 
however, the uric acid of the blood was still above normal for 
several hours after the end of the 5 hour period, and this fact 
accounts for the smaller but nevertheless significant amounts of 
extra uric acid that appeared in the subsequent 19 hour sample of 
urine. 

The purpose of the present investigation was to determine 
whether the effects of insulin on purine metabolism (1, 2) could be 
explained by a reflex stimulation of epinephrine. Whether or not 
such a relation has been demonstrated can best be gaged by a 
comparison of the various effects of the two hormones on the 
purine metabolism of the breeds studied: 

1. In the dog of ordinary breed, both hormones brought about 
an increased excretion of allantoin in the urine. 

2. In the Dalmatian coach-dog, both hormones led to a rise in 
the uric acid content of the blood, but whereas in the case of 
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epinephrine the hyperuricacidemia was already present 1 hour 
after its injection, no change in blood uric acid was produced 
with insulin in the same amount of time. At the end of this 
interval, however, the blood sugar had already fallen, and the 
delayed response of uric acid after the administration of insulin 
might, therefore, be accounted for by the assumption that this 
amount of time was required for the hypoglycemia to elicit epineph- 
rine, which is the real stimulus for the hyperuricacidemia that 
follows the administration of insulin. The fact, moreover, that 
no such delay followed the injection of epinephrine is in harmony 
with this view. 

3. Both hormones effect a marked rise in the excretion of uric 
acid in the Dalmatian coach-dog. Although insulin was without 
influence upon urinary allantoin in this breed, epinephrine on the 
other hand increased its excretion in the urine. Despite the fact 
that the significance of this difference in the behavior of allantoin 
as regards the two hormones must remain unexplained at present, 
the rest of the evidence is consistent with the view that insulin 
hypoglycemia influences purine metabolism by way of the epineph- 
rine secreted. 

SUMMARY 

1. To determine whether the effects of insulin on purine metab- 
olism previously reported for the dog of ordinary breed and for the 
Dalmatian coach-dog could be explained by a secretion of epineph- 
rine induced by hypoglycemia, a study was made of the influence 
of epinephrine upon purine derivatives in either blood or urine or 
both in these two breeds. 

2. In normal dogs, epinephrine, administered in quantities 
insufficient to alter the blood pressure, led to an increased excretion 
of allantoin in the urine’. — 

3. In pure bred Dalmatians, epinephrine produced a considerable 
rise in the uric acid of the blood, an effect that was present to a 
marked degree at the end of the Ist hour and was sustained for 
well over 7 hours after the injection of 0.10 mg. of the hormone per 
kilo of body weight. An augmented elimination of uric acid and 
of allantoin in the urine of these dogs also occurred under the 
influence of epinephrine. 

4. The interrelation of insulin and epinephrine in respect to 
purine metabolism is briefly discussed. 
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THE DETERMINATION OF OXYGEN IN BLOOD IN THE 
PRESENCE OF ETHER BY A MODIFICATION OF 
THE VAN SLYKE-NEILL TECHNIQUE 


By JOHN L. SHAW anv VIRGINIA DOWNING 
(From the Surgical Research Laboratory of the Boston City Hospital, Boston) 


(Received for publication, February 5, 1935) 


The necessity for determining the oxygen content and capacity 
of blood under ether anesthesia is one which frequently arises, 
yet no reliable method for making such determinations has been 
published. Peters and Van Slyke (1) in their recent book made 
note of this omission and suggested that oxygen might presumably 
be determined by the same principle evolved by Austin (2) for 
determining CO, in blood serum which contained ether. Austin 
found that the presence of ether in serum caused an error of about 
15 per cent in excess of true CO, values. This was due to the fact 
that much of the ether extracted from the acid solution and meas- 
ured with the mixed gases was reabsorbed by the NaOH during 
the absorption of CO, and thus became absent from the final 
measurement. He eliminated the error by reextraction of the 
alkaline solution after the absorption of CO, with alkali. An 
experimentally derived correction factor was then used to inter- 
polate for the change in solubility. Fuss and Derra (3) slightly 
modified Austin’s technique in an attempt to determine both CO, 
and O, in the same sample of blood in the presence of ether with 
results apparently satisfactory to themselves. 

The present communication resulted from an attempt to meas- 
ure the oxygen content of blood of individuals under ether anes- 
thesia. Preliminary work with both the Austin (2) and Fuss and 
Derra (3) modifications of the Van Slyke-Neill technique proved 
unsatisfactory as will be shown below. 

The method finally developed depends upon the removal of the 
blood-reagent mixture, in which most of the ether is in solution, 
from the chamber of the machine so that the liberated oxygen 
may be measured directly without interference from the ether. 
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Method 


Reagents—The usual reagents of the Van Slyke-Neill procedure 
for oxygen are used without any changes (1, 4). 

Apparatus—The Van Slyke-Neill manometric extraction appa- 
ratus was used (4), with a modified Hempel pipette (5) filled with 
an air-free solution of equal parts of a saturated sodium chloride 
solution and glycerol or with mercury. The glycerol-salt solution 
is protected from the air by a layer of paraffin oil. 

The analysis consists of the following steps. 

1. The gases COz, Oz, and N, and part of the ether are extracted 
from the blood sample in the chamber of the Van Slyke-Neill 
apparatus. 

2. The mixture of gases is transferred to the Hempel pipette 
for storage during the following step. 

3. The blood and reagent mixture is removed from the extrac- 
tion chamber and replaced by air-free water. 

4. The mixture of gases is returned from the Hempel pipette to 
the extraction chamber. 

5. CO, is absorbed by the addition of 1 n NaOH and the gases 
reextracted until checked pressure readings are obtained. 

6. O2 is absorbed by the addition of sodium bydrosulfite and the 
pressure reading of the gas taken. 

The details of the successive steps are given below, but the 
reader is referred to the original authors for more complete 
descriptions. 

The directions are given for 1 cc. samples of blood. 


Procedure 


Extraction of Gases from Blood Sample—The Van Slyke-Neill 
procedure (1, 4) for oxygen is used without modification up to the 


1 The technique was originally worked out by the authors using mercury 
in the Hempel pipette. It was suggested by Dr. Van Slyke that the 
substitution of a solution of equal parts of saturated sodium chloride 
and glycerol for mercury would work as efficiently and possibly in addition 
absorb the remaining quantity of interfering ether. The results as de- 
scribed in the experimental part of this communication indicate that of 
the two media, mercury is slightly more accurate but, due to its weight, is 
more difficult to handle than glycerol-salt solution. The recovery of 
oxygen with either means is within an average error of less than 1 per cent. 
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completion of the extraction of oxygen. At this point 1 n NaOH 
is not added to absorb CO, but instead the gases are transferred 
to the Hempel pipette. 

Transfer of Gases to Hempel Pipette—When the extraction is 
completed, the gases are transferred to the Hempel pipette and 
stored over air-free glycerol-salt solution or mercury while the 
chamber is cleaned and air-free water substituted for the blood- 
reagent mixture. The mechanical manipulation of apparatus 
and stop-cocks during the process of transfer is essentially the 
same as that of Sendroy and Liu (6). 

The following modification of the above method may be sug- 
gested for the transferring of gases to the Hempel pipette. When 
the blood-reagent mixture from the extraction apparatus has 
passed slightly beyond the bore of stop-cock b (ef. (6) Fig. 1), the 
stop-cock b is closed and turned one-half revolution so that the 
chamber connects with the side arm. The chamber may then be 
emptied of the solution through the side arm which is connected 
by a rubber tube to a receptacle. When the chamber is freed of 
the reagent mixture, the stop-cock connecting the leveling bulb 
is closed. Stop-cock b is turned back to the original position 
connecting the Hempel pipette and the Van Slyke-Neill apparatus. 
The stop-cock connecting the leveling bulb is cautiously opened 
and the gases followed by the small amount of solution and mer- 
cury are passed into the Hempel pipette slightly beyond stop-cock 
a. Stop-cocks b and a are closed and the Hempel pipette is set 
aside while the chamber is cleaned. 

Replacement of Blood and Reagent Mixture by Atr-Free Water— 
If the above modification is not used, the blood and reagent solu- 
tion are removed from the chamber. The apparatus is cleaned 
by admitting 1.0 or 2.0 ce. of approximately 1 n NaOH and 10 ce. 
of distilled water and shaken for 1 minute. The alkaline solution 
is ejected and the chamber rinsed with distilled water. 1 drop of 
caprylic alcohol and 5.0 cc. of water are admitted and rendered 
air-free by extracting in the evacuated chamber for 3 minutes. 
The extracted air is expelled and 1.5 cc. of water are run into the 
cup, leaving 3.5 cc. in the chamber. Stop-cock b is now closed 
and the apparatus is ready to receive the gases from the Hempel 


pipette. 
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Transfer of Gases from Hempel Pipette to Extraction Chamber— 
The gases are transferred from the Hempel pipette to the extrac- 
tion chamber after the manner of Sendroy and Liu (6). 

Absorption of COz with NaOH—The volume of the gases is 
adjusted to about 5 cc. by withdrawing mercury from the chamber. 
2 cc. of air-free 1 N NaOH are placed in the cup, of which 1 ce. is 

‘slowly admitted to the chamber (1, 4). The stop-cock is sealed 
with mercury and the chamber is evacuated to the 50 cc. mark and 
reextracted for 3 minutes. Manometer reading 7, is taken at the 
2 cc. mark. The reextraction is repeated for 1 minute until the 
reading checks within a few tenths of a mm. 

Following the admission of the NaOH, checks are usually ob- 
tained with the first two reextractions and in the majority of cases 
there is rarely a difference greater than 1 mm., so that reliance 
upon one reextraction will introduce no great error. However, 
for absolute accuracy reextraction until checks are obtained is 
recommended. 

Absorption of O2 with Hydrosulfite—The gas volume is adjusted 
to about 5 cc.; 2 ce. of air-free alkaline sodium hydrosulfite are 
placed in the cup, of which 1 ce. is slowly admitted into the cham- 
ber (1, 4). Stop-cock b is sealed and pz» is read at the 2 cc. mark. 

Determination of c Correction—The c correction is determined 
with 1 drop of caprylic alcohol and 5 ec. of water. The water is 
extracted for 3 minutes in the evacuated chamber. This extracted 
air is expelled and 1.5 cc. of water are run up into the cup and dis- 
carded. 1 cc. of 1 N NaOH is admitted, the stop-cock sealed, and 
the extraction chamber evacuated and reextracted for 3 minutes. 
Reading p; is taken at the 2 ce. mark. 1 cc. of alkaline sodium 
hydrosulfite is admitted as in the oxygen determination and the 
reading p, taken. p, — po = €. 

Calculations—The results are calculated with the formula 
(p:1 — po —c) Xf. The factor f is the same as used in the Van 
Slyke-Neill technique ((4) p. 543). 

It is very important to clean the extraction chamber of the 
blood-reagent mixture thoroughly and to guard against carrying 
over any material in the use of the Hempel pipette, as it is noted 
that the presence of this solution in the extraction chamber, even 
in a small quantity, influences the results of the determination. 
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EXPERIMENTAL 


Effect of Ether on Blood Oxygen Determinations by the Usual Van 
Slyke-Neill Technique 


The quantity of ether required for surgical anesthesia has been 
reported as varying from 86 to 200 mg. per 100 cc. of blood, with 
an average value of 100 to 150 mg.? In order to determine the 
extent that ether interfered with the Van Slyke-Neill (4) technique, 
dog blood was saturated with air in a Stadie rotator (13) and oxy- 
gen capacity determinations were made. Between 1 and 1.5 mg. 
of ether per cc. were then added, by means of a microburette, to 
the same blood samples in vitro and oxygen capacity was again 
determined in the usual manner. 

Results—A series of five experiments was carried out which 
showed minimum and maximum deviations of 8 to 15 per cent in 
excess of the control values. The mean variation (14) for the 
group was +10.95 + 2.72 per cent. These large variations make 
it evident that oxygen cannot be determined accurately by the 
usual technique when ether is present. A typical example is 
shown in Table I, Experiment 7. 


Application of Reextraction Principle to Oxygen Determinations 


Oxygen capacity determinations on blood were made and ether 
was added to the same sample of blood as described above. After 
the addition of ether, determinations were made according to the 
reextraction technique of Austin (2) and also by the modification 
of Fuss and Derra (3). These procedures vary from the usual 
technique of Van Slyke and Neill in that, after absorption of CO, 
by NaOH, the solutions are reextracted until checked readings are 
obtained (Austin) or a niean of the first four readings is taken 
(Fuss and Derra). Oxygen is then absorbed in the usual manner. 
The chamber is next evacuated and reextraction repeated until 
constant readings are obtained (Austin (2)). 


* The concentration of ether per 100 cc. of blood as given by various 
writers is as follows: Gramén (7) 104 to 150 mg., White (8), Haggard (9), 
and Nicloux (10) 100 to 140 mg., Ronzoni (11) 130 to 180 mg., and van 
Leeuwen (12) 86 to 200 mg. 
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Results—A series of seven experiments was carried out entailing 
twenty-five determinations of oxygen in the presence of ether, and 
from the results a correction factor was calculated according to 
Austin’s formula ((1) p. 353; (2) p. 350). 


* O2. — f(p: — pa) 
(pm = ps) 


The value of factor K determined from the readings that checked 
on reextraction varied from 0.27 to 1.01 and gave a mean of 
0.598. The recovery of oxygen was calculated with Austin’s 
formula, O2 = [pe — ps + K (ps — ps)] X f. The results with 
K = 0.598 gave recoveries of maximum variations from the con- 
trols of —7.18 and +11.7 per cent and minimum variations of 
—1.14 and +1.25 per cent. The mean was —1.98 + 7.3 per cent. 
Duplicate determinations in the presence of ether ranged from 
perfect checks to differences of as much as 7.5 per cent. A typical 
example is shown in Table I, Experiment 7. 

Fuss and Derra (3), in their modification of Austin’s procedure, 
used the mean of the first four reextractions to calculate the factor 
K. The value of K determined in this way varied from 0.26 to 
0.7, giving a mean of 0.43. In this group of experiments K = 0.43 
gave oxygen values with maximum variations of —3.7 and +6.5 
per cent and minimum variations of —1.18 and +0.83 per cent. 
The mean variation from the control was —0.93 + 4.07 per cent. 
Duplicate determination differences ranged from 0.7 to 2.9 per 
cent. 

The seven experiments by either method of calculation showed 
a recovery in excess in four instances and a deficit in the remaining 
three. The mean variations of the two methods of calculation 
indicate that the maximum error may be approximately 10 per 
cent when manometer readings are used that check on reextraction 
and 5 per cent when the mean of the first four reextractions is 
used (Fuss and Dérra). Both of these methods were tedious and 
time-consuming. Frequently in order to obtain checks on reex- 
traction eight or ten shakings, requiring as much as 30 minutes, 
were necessary to obtain manometer readings within a few tenths 
ofamm. In addition to this difficulty it was apparent that several 
variables were present, making estimations even more unreliable 
than the average of the results would indicate. 
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Use of Hempel Pipette for Oxygen Determinations in Presence of 
Ether 


The foregoing experiments demonstrate that changes in tem- 
perature, or in the reaction of the solutions in the chamber, pro- 
duced variations in the vapor pressure exerted by the ether, which 
acted quite independently of the gases being measured. Since 
most of the ether*® is dissolved in the blood-reagent mixture, it 
seemed that the removal of this material from the apparatus before 
the actual manometric measurement of gases was made would 
simplify the procedure considerably. Two devices for accomplish- 
ing this removal have already been described for use in other 
procedures with the Van Slyke apparatus: the Harington-Van 
Slyke extraction chamber (16) and the modified Hempel pipette 
(5). The experiments recorded here were made with the Hempel 
pipette because of its availability to laboratories already having 
the ordinary Van Slyke apparatus. 

The oxygen capacity was determined on dog blood by the usual 
Van Slyke-Neill technique. Ether was added as previously (1 to 
1.5 mg. per cc.) to the same sample in vitro and determinations 
were made with the use of the Hempel pipette as described in the 
procedure. 

Use of Mercury in Hempel Pipette—Thirteen experiments were 
carried out entailing twenty-four determinations of oxygen in the 
presence of ether. The maximum variation from the control 
oxygen capacity was —0.8 per cent and the minimum was —0.02 

’ The distribution ratio, i.e. quantity in solution to quantity in air, as 
given by Shaffer and Ronzoni (15) for the systems of water-air and blood- 
air at room temperatures, is as follows: 








Temperature Water-air system Blood-air system 
7 we. 
20 39.0 34.5 
25 29.0 26.0 
30 21.0 20.3 





Assuming that the distribution ratio in the extraction chamber between 
the liquid and gas phases lies in the vicinity of the above values, there 
will be, varying with the temperature, between 20/21 and 39/40 of the 
total ether in solution with the blood-reagent mixture. Therefore, the 
removal of the blood-reagent solution from the apparatus would eliminate 
practically all the interfering ether. 
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per cent. The mean variation for the entire group was —0.31 + 
0.39 per cent. Duplicate determination differences in the pres- 
ence of ether were all less than 1 per cent, except in two instances 
in which they were less than 2 per cent. The average duplicate 
difference for the entire group was 0.68 per cent. In the thirteen 
experiments the recoveries in eleven instances were less than the 
controls and in excess in the remaining two. Readings on reex- 
traction were easily checked, usually with the first two attempts. 

The difference between the p readings of the Hempel pipette 
technique and the p readings of the controls (see Table I) were 
very small and frequently the readings were almost alike. There 
was a close parallelism of difference between respective manometer 
readings of the control and the ether-containing bloods. 

In this same group of experiments a correction factor, K, was 
calculated after the manner of Austin (2). The correction factor 
obtained varied from 0.215 to 1.04 and gave a mean value of 0.683. 
Calculations based on this factor gave maximum errors of recovery 
of +0.53 and —0.42 per cent and minimum errors of —0.04 and 
+0.03 per cent. The mean variation from the controls was 
0 + 0.25 per cent. The differences in duplicate determinations 
in the presence of ether were less than 1 per cent, except in three 
experiments in which they were less than 2 per cent. The average 
difference in duplicates was 0.55 per cent. In eleven experiments 
the recoveries were in excess in six instances and below the average 
in the remaining five cases. 

The difference between the p readings of the Hempel pipette 
technique and the p readings of the control bears out the theoreti- 
cal assumption that most of the ether is removed with the dis- 
carded blood-reagent solution. The small quantity of ether 
remaining does not appear to interfere appreciably with the deter- 
mination as shown by the accuracy of the results, the parallelism 
of difference between the respective manometer readings of the 
control and the ether-containing bloods, and the ease with which 
checked readings are obtained following reextraction. For routine 
purposes one could rely upon the first reextraction, since there is 
rarely a difference greater than a few tenths of a mm. between the 
first reading and the checks. 

The use of Austin’s principle with the Hempel pipette increases 
the accuracy of the method to a maximum variation from the 
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control of about +0.5 per cent, whereas the Hempel pipette alone 
showed a variation from the control of —0.81 per cent. Consider- 
ing the labor of determining the K factor and the additional extrac- 
tions and calculations, however, it would seem that the added 
inconvenience is unwarranted for most experimental purposes. 

Use of an Air-Free Glycerol-Salt Solution in the Hempel Pipette— 
The use of mercury in the Hempel pipette presents two distinct 
disadvantages: its weight, which makes the Hempel pipette quite 
difficult to handle, and its inability to absorb the portion of ether 
transferred along with the extracted gases from the extraction 
apparatus. The elimination of either one of these disadvantages 
would be a decided improvement. So with this in mind several 
solutions were tried as a substitute for mercury. A saturated 
solution of calcium chloride gave very variable results. Concen- 
trated sulfuric acid, which readily absorbs ether, was found to 
form a precipitate with the blood-reagent mixture which made it 
impossible to manipulate the Hempel pipette. Both ideas were 
abandoned as impractical. 

In a personal communication to us Dr. Van Slyke suggested 
that the substitution of a solution of equal parts of glycerol 
and saturated sodium chloride for mercury would work as effi- 
ciently and possibly in addition absorb the remaining interfering 
ether. Since this solution has a very low coefficient of solubility 
for gases in general, the loss of oxygen over the small interval of 
time during the determination would be negligible and, according 
to the distribution ratio* of ether between a gaseous and a liquid 
phase, practically all of the ether should be removed. Accordingly 
the Hempel pipette was filled witb an air-free glycerol-salt solution 
which was protected from the air by a layer of paraffin oil. Air- 
free solution was used, so that if a small amount of solution was 
accidentally carried over into the Van Slyke-Neill apparatus there 
would not be any dissolved air present to influence the determina- 
tion on reextraction. The plan and procedure of experiment as 
outlined above were pursued, except that the Hempel pipette was 
filled with an air-free glycerol-salt solution. 

In twelve experiments, twenty-six determinations of oxygen in 
the presence of ether were made. The maximum variations from 
the controls were +0.73 and —0.75 per cent and the minimum 
—0.09 per cent. The mean variation for the entire group was 
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—0.21 + 0.58 per cent. In ten of these experiments on which 
duplicate determinations in the presence of ether were made, 
there were the following differences. In seven the range was from 
0 to 1 per cent; in two others the range was from 1 to 2 per cent; 
and one differed by 2.2 per cent. The average difference for the 
whole group was 0.8 per cent. In the twelve experiments, recoy- 
eries were less than the controls in eight instances and in excess in 
the remaining four cases. Checks on reextraction were usually 
obtained on the first two attempts. 

The employment of the glycerol-salt solution appears to absorb 
all or a major portion of the ether remaining in extracted gases 
while in storage in the Hempel pipette. This is indicated by the 
very small difference between the ~, reading (following reextrac- 
tion) (see Table I) and the p; reading (following the addition of 
Na,S.0,). The difference was rarely over 1 mm., which is practi- 
cally the same as that obtained following reextraction at this point 
in the usual Van Slyke-Neill technique. Further proof of absorp- 
tion of the ether was noted by the recovery of oxygen in slight 
excess in about one-third of the cases when 7, was used in the 
calculations. In these instances it was impossible to calculate a 
correction factor. There was with the glycerol-salt solution a 
slight tendency to obtain more variable results and wider differ- 
ences in duplicate determinations. This is particularly true in 
cases of accidental passage of a quantity of glycerol-salt solution 
from the Hempel pipette to the extraction chamber. Since there 
may be quite a quantity of ether dissolved in the solution after 
usage, it is advisable to use great care in transferring the gases to 
prevent the carrying over of this solution into the extraction cham- 
ber. The authors have used an air-free glycerol-salt solution for 
as many as ten determinations with satisfactory results, though no 
experiments were carried out to determine the possible life of such 
a solution. In view of the negligible difference in accuracy it is 
advised that the more flexible glycerol-salt solution is satisfactory 
for most experimental procedures. However, for the utmost 
accuracy, mercury is recommended with the employment of a 
correction factor. 

SUMMARY 

1. Data are presented to show that O, determinations by the 
Van Slyke-Neill technique in the presence of ether may be as much 
as 15 per cent in excess of the correct value. 
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2. A modification of the Van Slyke-Neill method is presented 


and described for determining O2 in blood in the presence of ethyl 
ether with an error of less than 1 per cent of true values. 
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PURIFICATION OF THE DEPRESSOR COLLOID OF 
URINE (CALLICREIN)* 
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Santa Barbara) 
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The presence of a depressor fraction in normal urine was first 
noted in 1903 (1). 17 years later the fraction was shown to be 
non-dialyzable (2). The possible significance of these isolated 
observations was not realized until Frey (3) made a thorough 
investigation of the chemical and physiologic properties of this 
urine fraction. While his observations hardly justify his char- 
acterization of the substance as a “circulatory hormone,” they and 
more recent observations by Elliot and Nuzum (4) nevertheless 
indicate that the fraction is worth further study. It is probable 
that hypoglycemic properties and calorigenic effects (5, 6) reported 
in the literature, are attributable to contaminating impurities. 
Crude prolan' and the tumor resistance factor of urine (7) are con- 
taminated with the depressor fraction. The difficulty of removing 
the depressor colloid from the urine colloids mentioned above, 
which possess well defined physiologic properties, is an added 
incentive to a study of its properties. 

In this paper are described the procedures by which the depres- 
sor colloid of the urine has’been obtained in a purer form than that 
described by Kraut ef al. (8). Before attempting this study, the 
conditions affecting the stability of the crude depressor colloid 


* These studies were financed by the Department of Cardiovascular- 
renal Research, F. R. Nuzum, director. 

1 Unpublished data from this laboratory. A crude 80 per cent alcohol 
precipitate of concentrated urine of pregnancy (method of Zondek) con- 
tained 6 Elliot units per mg. A sulfosalicylic acid precipitate (method 
of Dickens) after one alcohol precipitation assayed 385 Elliot units per 
mg. of N. 
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were first established, so that procedures-which would bring about 
partial inactivation could be avoided (9). The following innova- 
tions and departures from the procedures of Kraut et al. have been 
introduced. (a) The pH never exceeds the limits of stability of 
the crude product. (b) Impurities which cannot be removed by 
centrifugation are removed by the Berkefeld filter. (c) Acid 
adsorption is performed by utilizing the acid-insoluble colloids of 
the urine. (d) Fractional alcohol precipitation is effected by 
means of electrolytes. (e) Zinc hydroxide is used as an adsorbing 
agent. (f) Concentration in vacuo with subsequent dialysis 
replaces the cumbersome uranium precipitation. 


EXPERIMENTAL 


Physiologic Standardization—The physiologic activity of all the 
preparations described in this paper was evaluated in Elliot units 
(4). The relation between the Elliot unit and the Frey unit is 
unfortunately not clearly established, 1 Frey unit equaling 10 to 
28 Elliot units, depending upon the age of the individuals whose 
urine is taken for the Frey standard. 

Preliminary Purification—10 liter batches of urine, collected 
either from males or females and preserved with toluene, are con- 
centrated in vacuo below 45° to 2 liters or less. 20 gm. of MgCl.-- 
6H,0 dissolved in the minimum amount of water are added per 
batch and sufficient aqueous ammonia to bring the pH alkaline to 
brom-thymol blue and acid to thymol blue. The heavy precipi- 
tate is removed by centrifugation and the supernatant liquid 
dialyzed in collodion or parchment membranes for 48 hours against 
water saturated with chloroform. It has been found convenient 
to use La France condons for this purpose. These membranes 
are readily preserved in water saturated with chloroform and may 
be used over and over again. The membrane contents are con- 
centrated in vacuo below 45° to 300 cc. volume, again subjected to 
dialysis, centrifuged to remove the inactive precipitate which has 
formed, reconcentrated to a 100 cc. volume, and filtered through a 
Berkefeld filter, the latter step removing more inactive material. 
Filtrates prepared in this manner contain from 20 to 500 units per 
mg. of N, with an occasional degree of purity representing 1000 
units per mg. of N. 

Acid Precipitation—In the method of Frey, the product dialyzed 
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to remove electrolytes after elution from the uranium precipitate 
is adsorbed on benzoic acid, which later is removed by alcohol- 
ether extraction. Dilute alkali is necessary to effect solution of 
the precipitate. It occurred to us that the benzoic acid procedure 
was not properly an adsorption, but merely served to bring about 
a degree of acidity necessary to precipitate the natural urine acid- 
insoluble compounds which themselves adsorbed the substance. 
It was found that most preparations, which had gone through our 
preliminary purification procedure, became opalescent on the 
gradual addition of mineral acid, until a precipitate formed at pH 
4.2 to 4.5. This precipitate was insoluble on further addition of 
acid and, if taken up in dilute alkali solution, contained active 
material having a lower nitrogen content than that of the original 
solution. Per unit of nitrogen, the activity might be increased 
several hundred per cent. If the precipitate was dried, consider- 
able loss of potency resulted. The pH at which the precipitate is 
thrown down, pH 4.2, was found slowly to inactivate the substance. 

In order to ascertain whether the benzoic acid precipitation 
procedure served merely to bring about the required degree of 
acidity for precipitation of the urinary substances or actually 
adsorbed active material, several batches of material were sub- 
jected first to an acid precipitation with hydrochloric acid or 
acetic acid and then to a benzoic acid precipitation. It was found 
that considerable material was adsorbed by the benzoic acid, that 
the active material so adsorbed was less pure than that adsorbed 
by the urinary substance, and that it was acid-soluble. In some 
instances the dispersion conditions are such that the addition of 
mineral acid results in a cloudiness. The acid-insoluble colloid 
cannot be removed by centrifugation. In an example of this kind 
benzoic acid was found to throw down the acid-insoluble colloid 
with some acid-soluble material and effect a purification (see 
Table I). 

The active material which is not removed by an acid precipita- 
tion and which may constitute over three-fourths of the original 
activity may be separated by an 80 per cent alcohol precipitation. 
The product so obtained is always acid-soluble and may be as pure 
or purer than the material which is acid-insoluble. 

Alcohol Purification—We observed that the alcohol precipita- 
tion of active material is dependent upon the electrolyte concentra- 
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tion and that our purest preparations were precipitated only from 
75 per cent alcohol when saturated with NaCl. Less pure prepara- 
tions required less salt. 

Crude preparations can always be purified by a 75 per cent 
alcohol concentration precipitation. Often inactive material is 
first removed at 50 per cent alcohol concentration, effecting a stil] 
greater purification. In very crude preparations some potency is 
adsorbed by the 50 per cent alcohol precipitate. Inactive material 
not precipitated in the first 50 per cent alcohol precipitation may 
be rendered insoluble at this concentration in subsequent alcohol 


TaBLeE I 
Effect of Successive Acid (HCl) and Benzoic Acid Precipitations 





Potency, units per mg. N 





Purification procedures before pptn. ar 
Original HC! ppt. Benzoic Final 





potency acid ppt.*| filtrate 
Uranium ppt. of Frey................ 135 1050 570 
Concentration in vacuo, dialysis, 480 3120 150 150 
Berkefeld filtration, and 78% 285 | No ppt.| 2100 40 
alcohol pptn. 
Concentration in vacuo, dialysis, 580 | No ppt.| 2600 














78% alcohol pptn. 





*3 gm. of benzoic acid in a saturated alcohol solution added to 60 cc. 
of solution. 


precipitations. The results given in Table II are the averages of 
a series of five, three, and two determinations respectively. 

The purest preparations were obtained by fractional precipita- 
tion from alcohol at 75 per cent concentration. Relatively in- 
active material was removed by the addition of 0.5 to 1 per cent 
NaCl. Highly potent material then separated on standing or on 
the addition of more salt. Details of such purifications are given 
in Table III. 

Frey and his coworkers abandoned the use of fractional alcohol 
precipitation because they found it affected the stability of purer 
preparations. Beyond a certain degree of purification all our 
preparations have been unstabile, whether or not alcohol is used. 
Since fractional alcohol precipitation is the most effective method 
of purification found, the state of purity of the resulting product 
and not the alcohol itself may be responsible for the loss in potency. 
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Zine Hydroxide Adsorption—Material approximating 1000 units 
per mg. of N is usually not greatly adsorbed by Zn(OH): at a pH 
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TaBLeE II 
Examples of Purification by Alcohol Precipitation 
Potency, units per 
mg. N 
Starting material EtOH-NaCl concentration 
Before | pry | Fil- 
pptn. * | trate 
Preliminary purification; fil- 75% EtOH; natural 60 335 
trate from 50% EtOH pptn. electrolytes 
Preliminary purification; fil- 80% EtOH; 0.2% 920 | 3100 
trate from acid pptn. NaCl; natural elec- 
trolytes 
Preliminary purification; 75% | 47% EtOH; 1.6% 350 80 | 450 
EtOH pptn. NaCl 
Tase III 
Effect of Alcohol Precipitation Following Zn(OH): Adsorption 
The values are expressed in units per mg. of N. 
Starting material First ppt. Second ppt. 
Filtrate, 1 zinc 1200 | 75% EtOH 4,000 
adsorption 2% NaCl 
Filtrate, 3 zinc 400 | 72% EtOH 170 | 78% EtOH 1,300 
adsorptions 1.4% NaCl 1.2% NaCl 
NaHCO; extract, 6700 | 75% EtOH None | 75% EtOH 12,000* 
3rd zine adsorp- 0.4% NaCl 0.8% NaCl 
tion 
Filtrate, 3 zine 900 | 75% EtOH  1,300* 
adsorptions 0.7% NaCl 
NaHCO; extract, 8100 | 75% EtOH None | 75% EtOH 85,000* 
4th zine adsorp- 0.8% NaCl Saturated NaCl 
tion 
Filtrate, 2 zine 1900 | 75% EtOH 5,000/ 75% EtOH None 
adsorptions Trace, NaCl 2% NaCl 
NaHCO; extract, 940 | 75% EtOH 10,400* 
3rd zine adsorp- 1.2% NaCl 
tion 











* Unstabile product. 


alkaline to phenolphthalein, while considerable inactive material 


may be removed. 


If the starting material is at pH 7.0, the filtrate 








424 Depressor Colloid of Urine 


after adsorption will be alkaline to phenolphthalein, presumably 
due to a double decomposition reaction between the sodium salts 
of the inactive materials and the Zn(OH)s, and will contain the 
active material. If the resulting solution be again taken to neu- 
trality and the process repeated several times, no change in pH 
will result and the active material will be adsorbed. In that case 
or in those cases in which the active material is adsorbed at an 
alkaline pH, the active material can be reliberated by extracting 
with NaHCO; solution, a process which again results in further 
elimination of nitrogen (see Table IV). 




















TaBie IV 
Effect of Zn(OH): Adsorption 
Potency, units per 
: Reaction during mg. N 
Product after Zn(OH): adsorption adsorption 
Before After 
adsorption|adsorption 
pH 
1, Filtrate, 1 adsorption >8.0 800 1,100 
= 3 adsorptions >8.0 1100 3,000 
NaHCO; extract, 4th adsorption <8.0 3000 8,100 
2. Filtrate, 2 adsorptions >8.0 1400 1,900 
NaHCO; extract, 3rd adsorption 7.4 1900 | 20,000* 
3. Filtrate, 3 adsorptions 9.0, 8.2, 9.2 490 440 
NaHCO; extract, Ist adsorption 9.0 440 710 
4. Filtrate, 2 adsorptions >8.0 1700 1,400 
NaHCO; extract, 3rd adsorption 7.4 1400 3,100 





* Unstabile product. 


The zinc hydroxide suspensoids were prepared by adding N 
NaOH to a 2 per cent zinc sulfate solution until the reaction was 
alkaline to phenolphthalein. The precipitate was separated by 
centrifugation and washed five times with water. About 300 mg. 
of Zn(OH). were used for 100,000 units of material in a volume of 
about 100 cc. The adsorption time ranged from 5 to 30 minutes. 
Two 1 gm. portions of sodium bicarbonate in 30 cc. volume were 
used for elution. 

Stability—The purest and least stabile preparations were ob- 
tained by alcohol precipitation in the presence of sodium chloride 
of solutions which had been subjected to a Zn(OH)2 adsorption. 
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In some instances almost complete inactivation (over 90 per cent) 
occurred in 5 days. This occurred whether the alcohol precipi- 
tate was allowed to dry spontaneously or was dissolved in water. 
A lesser degree of loss of potency was observed for material ad- 
sorbed by Zn(OH)2 and reliberated with NaHCO;. In these 
preparations a certain loss of potency occurred during the first 10 
days, without further loss. 

The effect of such factors as precipitation by acetone (80 per 
cent), precipitation by alcohol (75 per cent), drying over P,0O,, 
solution in water, temperature (room temperature versus 0°), and 
solution in 50 per cent glycerol were studied simultaneously for the 
same sample. A product which had been subjected to three zinc 
hydroxide adsorptions and assayed 2000 units per mg. of N was 
used as the starting material. The results showed that stability 
already affected by Zn(OH), adsorptions (45 per cent loss in 
potency) was further decreased by alcohol or acetone precipitation 
(90 per cent loss in potency) with concomitant purification (re- 
moval of 41 per cent nitrogen). The dried samples lost less 
potency than those kept in aqueous or glycerol solution. 

Analytical Data for Nitrogen and Phosphorus—The nitrogen 
content in terms of organic matter (loss on ashing) of products 
obtained by us varied from 12.7 to 1.5 per cent. The purest 
product contained 3.4 per cent N. Three acid-insoluble products, 
assaying about 150 units per mg., contained 8.7, 8.8, and 9.9 per 
cent N. Two acid-soluble products of the same potency gave on 
analysis 5.1 and 7.0 per cent N. Kraut’s lowest phosphorus value 
was 0.00006 mg. of P per 1 Frey unit. Our lowest phosphorus- 
containing sample assayed 180 Elliot units for the same amount ot 
phosphorus, which approximated the content of 1 mg. of organic 
matter (loss on ashing).. 0.25 per cent organic phosphorus was, 
however, found in a sample which assayed 770 units permg. Kraut 
et al. (8) were unable to detect any characteristic chemical group 
in preparations corresponding to our 100 units per mg. material. 
Since our purest preparations had 20 times the above activity, we 
decided that analytical studies of crude preparations could lead 
to little information in regard to the chemical nature of the pure 
compound or compounds possessing the active groups. None has 
therefore been made. The available material of our purest prod- 








426 Depressor Colloid of Urine 


ucts sufficed only for physiologic standardization, microdetermina- 
tion of nitrogen and phosphorus, and ash determination. 


DISCUSSION 


The purest stabile products obtained by Kraut et al. (8) entailed 
the following steps in preparation: uranium precipitation, elution 
by phosphate. dialysis, benzoic acid precipitation, and charcoal 
adsorption. The same degree of purification was obtained by us 
in the following procedures: concentration in vacuo, dialysis, acid 
precipitation, and fractional alcohol precipitation. 0.05 mg. of 
such a preparation neutralizes the pressor effect of 0.01 mg. of 
adrenalin administered intravenously to the amytalized rabbit. 
Beyond the preliminary purification directions, neither Frey and 
his coworkers nor ourselves can describe a process which will give 
consistent results. It is necessary to determine the physiologic 
activity after each procedure. 

By means of selective adsorption at various reactions on zinc 
hydroxide of either active material or impurities, followed by 
fractional alcohol precipitation, a further purification (usually 2- 
to 5-fold) may be effected. Unstabile products are the rule. For 
this reason it was necessary to arrange for biologic standardization 
on the day of preparation in these experiments. Occasionally a 
product which assayed 400 Elliot units per mg. (twice the potency 
described above) and which was stabile in solution was obtained. 
The purest product, which rapidly lost its activity, assayed 2900 
Elliot units per mg. when first tested. With but one exception 
the products have been amorphous. The exception, a well defined 
crystalline precipitate from alcohol, contained 58 per cent ash 
combined mostly as bicarbonate. Whether the crystalline aggre- 
gate was a definite chemical entity, a double salt of the depressor 
colloid with bicarbonate, or whether the activity was merely 
adsorbed remains to be investigated on duplication of the crystal 
formation, which has not again been attained. A similar situation 
exists at present in regard to prolan (10). 

It would appear that information regarding the nature of the 
inactivation of the purer products is necessary before they can be 
prepared consistently in quantities large enough for chemical and 
physiologic studies. Regardless of the instability of the highly 
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purified product, one is impressed by the high degree of physiologic 
activity, rivaling as it does that of adrenalin, with which the 
depressor colloid is most properly compared. 


SUMMARY 


1. A separation of the depressor colloid of urine in stabile form 
is described. The procedures entail concentration in vacuo, dialy- 
sis, acid precipitation, and fractional alcohol precipitation. 

2. A degree of purification not heretofore described is attained 
by subjecting the purified stabile preparation to selective adsorp- 
tion on zine hydroxide, with subsequent fractional alcohol precipi- 
tation. The products are usually unstabile. 
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AND PAPAIN TYPES 
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(Received for publication, January 17, 1935) 


Carmine fibrin (1)' has been used as a qualitative reagent for 
pepsin for many years, but cannot be used in tests for trypsin or 
other proteases which act at neutrality or at an alkaline pH. In 
place of carmine fibrin, Congo red fibrin (2) and spirit blue (3) 
fibrin have been advocated for the detection of trypsin. We 
have found both of these unsatisfactory. Recently we have tried 
hide powder containing barium sulfate precipitated within its 
pores. When this material is acted upon by proteases, the barium 
sulfate is liberated and goes into suspension upon shaking. The 
reagent can be employed for the detection of all proteases thus far 
tested which attack the high molecular proteins, but is not suitable 
for pepsin. The reagent is easy to prepare and inexpensive. Hide 
powder can be purchased from any chemical supply house.” 

With the hide powder-barium sulfate a positive test is given by 
1 mg. of Fairchild’s 1:3000 trypsin at pH 7.0 at room temperature 


1 We have observed that carmine fibrin prepared with some samples 
of carmine is not attacked by pepsin. Apparently some heavy metal was 
present, for carmine solutions saturated with hydrogen sulfide served for 
the preparation of excellent carmine fibrin. Such carmine fibrin gave a 
positive test with 1 mg. of 1:3000 Park, Davis pepsin in 2 minutes at 
room temperature. 

? Our hide powder is manufactured by the Standard Manufacturing Com- 
pany of Ridgway, Pennsylvania. The company states that it is prepared 
by liming hide as is done in a tannery. The hide is then delimed and 
brought to pH 5.0 to 5.4. It is then dried and ground to a powder. It is 
not ground to pass through any special size seive, but to conform with 
the specifications of the American Leather Chemists Association and the 
International Association of Leather Trades Chemists. 
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in 1 minute. 1 mg. of Park, Davis 1:3000 pepsin at pH 2.0 gave 
practically no test for 4 hours, but large quantities of pepsin 
gave atest rapidly. Fig tree protease,’ taka-diastase preparation, 
papain-cysteine,‘ and bromelin-cysteine gave positive tests at pH 
5.0 very rapidly. Extract of green malt and a commercial sac- 
charase preparation gave positive tests at room temperature at 
pH 4.1 only after about 1 hour. As little as 0.001 mg. of Fair- 
child’s trypsin gave a positive though faint test after incubation 
with the hide powder at 37° overnight. For some unexplained 
reason the rate of digestion decreases very rapidly with small 
amounts of trypsin. 

The test is carried out as follows: Place about 0.3 gm. of dry 
hide powder-barium sulfate in two 17 X 155 mm. test-tubes and 
cover with a little distilled water. After 5 or 10 minutes add the 
desired buffer solution and enough water to make a total volume 
of 5 to 10 ce. Now add about 1 cc. of clear enzyme solution to 
one of the tubes and shake both tubes for 30 to 60 seconds. Allow 
the powder to settle and observe whether the tube containing the 
enzyme shows turbidity. It will help to make a comparison with 
the blank. If there is no turbidity to be seen, allow some time to 
elapse and later shake again and make other observations. Some- 
times enzyme solutions themselves become turbid upon being 
added to buffers, or simply upon standing. It is therefore ad- 
visable to have a third tube containing only enzyme, buffer, and 
water. It is, of course, necessary to employ enzyme solutions 
which are water-clear. In testing for bromelin we used fresh 
pineapple juice. This was difficult to filter unless diluted first 
with 2 volumes of water. 

The control tube will not give off any barium sulfate at pH 
5.0 or 7.0 upon incubation overnight at 37°. However, barium 
sulfate will be released if the material is boiled, or if the solid is 
pounded with a glass rod. In the presence of 0.1 n hydrochloric 
acid barium sulfate is given off slowly. 

The reagent is prepared as follows: Place 1000 cc. of 5 per cent 
barium chloride in a 2 liter beaker and bring to boiling. Add 
100 gm. of hide powder and at once turn off the flame heating the 


* This was kindly furnished to us by Professor B. H. Robbins of Vander- 
bilt University. 
‘ Boehringer papain, 1: 350, was employed. 
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beaker. Stir for 10 minutes. Now pour the material upon a 
cheese-cloth sack resting in a filter funnel and squeeze out the 
excess of liquid. Then dump the moist hide powder into a 2 liter 
beaker containing about 1000 cc. of 10 per cent ammonium sulfate 
and stir for 5 to 10 minutes. Pour the material into the cheese- 
cloth sack and press out the liquid. Transfer the moist hide 
powder to the beaker again and stir with 1000 cc. of distilled water. 
Repeat this washing process about nine times. Finally, spread 
the hide powder-barium sulfate out in a thin layer upon towels or 
several layers of cheese-cloth. Break up all lumps. Allow to 
remain until perfectly dry. The material should not be employed 
as a reagent until it has dried thoroughly. 


SUMMARY 


A method is given for preparing hide powder-barium sulfate. 
The employment of this material as a qualitative test for trypsin, 
papain, and other proteases is described. 
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THE CHEMICAL DETERMINATION OF MINUTE QUAN- 
TITIES OF VITAMIN C 


By DAVID GLICK 
(From the Research Laboratories of the Mount Zion Hospital, San Francisco) 


(Received for publication, February 4, 1935) 


The microestimation of various enzymes and other substances 
of biological significance, by use of the apparatus and technique 
devised by Linderstrgm-Lang and Holter, has made possible 
histological-chemical studies of various plant and animal tissues. 
This technique permits chemical determinations on single micro- 
tome sections of tissue, or other biological units of similar magni- 
tude (1,2). It is the purpose of the present investigation to extend 
the scope of this technique to include the estimation of vitamin C. 

There have been a number of attempts to determine the histo- 
logical distribution of vitamin C by the use of the silver nitrate 
staining reaction (3-6). The black deposit of reduced silver is 
taken as an indication of the presence of the vitamin. This 
method has been useful in many instances, but at best it is only 
semiquantitative, and in some cases it may not be specific for 
vitamin C. Harris and Ray (7) have pointed out that the medulla 
of ox adrenal does not stain with silver, though the cortex does; 
still the medulla contains vitamin C in almost the same order of 
concentration as the cortex. The difficulties with this indirect 
staining method are obviated by the direct procedure to be de- 
scribed. . 

Birch, Harris, and Ray (8) have devised a microchemical 
method for the determination of vitamin C, based on the titration 
of the vitamin with 2,6-dichlorophenol indophenol, according to 
the method introduced by Tillmans and his associates (9). These 
authors have placed the unknown vitamin solution in a burette 
graduated in 10 c.mm., and titrated it into a tube containing 50 
c.mm. of the dye (about 0.01 m). The procedure to be described 
is a refinement of this method, allowing about one-fiftieth the 
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amount of the vitamin to be determined without loss of accuracy. 
Thus, in the procedure herein presented, titration of vitamin C 
can be reproduced to +0.20 c.mm. (equivalent to about 0.0001 
mg. of pure vitamin) of practically saturated 2,6-dichlorophenol 
indophenol. 


EXPERIMENTAL 


The extraction of the vitamin C from tissues and the preparation 
and standardization of the dye are essentially the same as described 
by Bessey and King (10). The titration was conducted according 
to the Linderstrém-Lang-Holter technique, with the special re- 
reaction vessels, pipettes, burette, and magnetic stirring (1,2). 

The microburette employed was of the Type 2 variety, in which 
the mercury does not come into contact with the standard solution. 
The smallest divisions on the burette are 0.20 c.mm., but readings 
are taken to 0.02c.mm. The dye, rather than the vitamin C solu- 
tion, was placed in the burette. 

Because of the interference of trichloroacetic acid solutions in 
the titration (10), a 9 per cent solution of acetic acid was used as 
the tissue extractant throughout. All titrations were carried out 
in the presence of 50 c.mm.' of 9 per cent acetic acid, and the 
end-point was determined by comparison with a color standard 
composed of 50 c.mm. of dilute rose Bengal solution placed in one 
of the reaction vessels. The rose Bengal solution employed was 
the most dilute solution, having a distinct pink tinge when placed 
in a reaction tube and compared with a similar vessel containing 
water (about 1 part per million was the concentration used). 

It was observed that the titratable vitamin C contained in the 
stoppered reaction vessels gradually diminished, probably owing 
to reaction with the oxygen in the air over the liquid. This diffi- 
culty could be overcome when the stoppered vessels were immersed 
in a salt-ice freezing mixture, as demonstrated in Table I. 

The application of this technique to the determination of 
vitamin C in microtome sections of tissue is shown in Table II. 
Liver was chosen, since it has a rather homogeneous histological 
structure, so that with serial sections there should not be a radical 
difference between the vitamin content of individual slices. Rab- 


1 Measured with the so called hand pipette (1, 2). 
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bit liver, used immediately after the animal was killed, was frozen 
stiff, and a cylinder of tissue removed with a cork borer of 4.5 
mm. diameter. The tissue was placed on a freezing microtome of 


TaBie I 


Titration of 6.95 C.Mm.* of Pure Vitamin C Solution (0.0001 Mg. per C.Mm.) 
in Presence of 50 C.Mm. of 9 Per Cent Acetic Acid 











Titrated at once Titrated after 3 hrs. in freezing mixture 
e.mm. dye c.mm. dye 

2.04 2.10 

2.16 2.00 

2.20 2.20 

2.04 2.12 

2.00 

Average........ 2.11 2.08 








* A Type 1 pipette with microscopic attachment was used to measure the 
exact volumes (1, 2). 








TaBLe II 
Vitamin C Content of Microtome Sections of Rabbit Liver 
Order ae Feline ene No. of Titrated at once Titrated after 1 hr. 
c.mm. dye c.mm. dye 

1 1 of 404 1.12 
2 2 of 204 1.20 
3 2 of 2004 1.20 
+ 1 of 404 1.16 
5 1 of 404% 1.18 
6 2 of 200 u 1.24 
7 2 of 0 yu 1.24 
8 1 of 404 1.28 
9 1 of 404 1.20 

10 2 of 2004 1.22 














Titration values of 50 c.mm. of 9 per cent acetic acid without sections 
were 0.66, 0.72, 0.76, 0.68, average 0.70 c.mm. (this amount of dye was re- 
quired to give the liquid the same color as the standard). 


the rotary type and single sections of 40 u thick, or 2 of 20 u, were 
cut off and placed in separate reaction vessels containing 50 c.mm. 
of 9 per cent acetic acid. The tubes were stoppered and placed 
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in a freezing mixture at once. Some were titrated immediately 
and the others after 1 hour. 

It will be seen from Table II that the vitamin is completely 
extracted almost at once, since the titration values do not change 
appreciably after standing. Furthermore, practically the same 
value is obtained with two sections 20 u thick as with one of 40 u, 
thus indicating no flaw in sectioning technique and no difference 
due to the increased surface in the case of the thinner sections. 


SUMMARY 


A method for the estimation of vitamin C has been described, 
which is reproducible to +0.0001 mg. It is suitable for determina- 
tion of the vitamin C content of extremely small amounts of 
material, including microtome sections of tissue. 


The author wishes to express his gratitude to Professor C. G. 
King of the University of Pittsburgh for the gift of the pure 
vitamin C and the dye used, and to Doctor G. R. Biskind of the 
Pathology Department of the Mount Zion Hospital for his help 
in this work. 
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THE MUCILAGE FROM PSYLLIUM SEED, PLANTAGO 
PSYLLIUM, L. 


By ERNEST ANDERSON anv MILTON FIREMAN 
(From the Department of Chemistry, the University of Arizona, Tucson) 


(Received for publication, February 7, 1935) 


The seed coats of psyllium seed consist of cells filled with 
mucilage (1). While chemical analyses of the seed, seed coats, 
and the mucilage have been made (2), nothing is known of the 
exact composition of the mucilage. 


EXPERIMENTAL 


Preparation of Mucilage—White, imported psyllium seeds were 
mixed with from 10 to 30 times their weight of water and allowed 
to stand for between 10 and 30 hours. The solution was then 
pressed through cloth and the mucilage was precipitated by addi- 
tion of 3 volumes of 95 per cent ethanol. In some cases the extrac- 
tion was repeated a second and third time. In other cases the 
mucilage was isolated by extracting the seed for an hour with hot 
water. The yield of mucilage obtained by thorough extraction was 
approximately 20 per cent of the weight of the seed used. 

The mucilage is a white, fibrous material, which is insoluble in 
alcohol. It swells with water to give a thick solution. This 
solution is neutral to litmus. It does not reduce Fehling’s solu- 
tion and gives no test for starch. 

Composition of Mucilage—The results of the analysis of the 
mucilage are given in Table I. The data prove that it is a mix- 
ture. Its composition depends on the procedure followed in its 
preparation. The use of a small volume of water for a short time 
and the application of little force in pressing the solution through 
the cloth lead to production of small amounts of the mucilage 
with high ash and high uronic acid content but low pentosan 
content. On the other hand, the use of more water, longer extrac- 
tion, and greater pressure in forcing the solution through the cloth 
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leads to production of larger amounts of mucilage with lower ash 
and lower uronic acid content but higher pentosan content. 
Second and third extractions of the seed with additional water 
yield a larger total amount of mucilage. These later crops con- 
tain, however, successively lower ash and uronic acid content but 
higher pentosan content. It thus appears that the polyuronides 
with higher uronic acid content dissolve most readily. 





TaBLe I 
Composition (in Per Cent) of Mucilage from Psyllium Seed under Different 
Conditions 
; Muci- 
Uronic 
SP CO: anh ~| Ash cy <x % a Method of preparation 
at tained 








1 3.4 {13.6 | 3.94) 78 | 2.34) 6.5) 12 volumes water for 24 hrs.; lit- 
tle force used in pressing muci- 
lage through 

2 2.09) 8.36] 1.33) 88.5 15 | 25 volumes water for 24 hrs.; 
much force used in pressing 
mucilage through 

3-A | 3.06/12.24| 3.81) 77 3 | 25 volumes water for 6 hrs.; little 
force used 

3-B | 1.22) 4.88] 1.22) 90 | 1.54) 14 | 10 volumes water added to resi- 
due from Crop 3-A; let stand 
18 hrs.; much force used 

3-C | 0.92) 3.68} 0.80) 91 3 | 5 volumes water added to residue 
from Crop 3-B; let stand 6 hrs.; 
much force used 

4 1.8 | 7.2 | 1.00) 90 90 | Mucilage prepared from seed 
coats; 80 volumes water used 
for 18 hrs. 
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Attempts to separate the mucilage into a definite polyuronide 
and a pentosan free of uronic acid were unsuccessful. All of the 
pentosan seems to be combined with a uronic acid. This point 
has not, however, been thoroughly investigated. Future work 
may prove that a part of the pentosan is in the free condition. 

Qualitative tests proved the absence of methoxyl groups, 
methyl pentose sugars, and hexose sugars. The presence of 
d-galacturonic acid, l-arabinose, d-xylose, and a small amount of 
an insoluble materia] was established. From the percentages of 
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pentosan and uronic acid anhydride given in Table I it is possible 
to calculate the number of pentose molecules corresponding to 
each molecule of uronic acid. These values vary from approxi- 
mately 9 to 36 in the different crops of the mucilage. The cor- 
responding equivalent weights vary from 1300 to 4800. This 
indicates that d-galacturonic acid may be combined with chains 
of pentose sugars varying in length from 9 to 36 molecules. How- 
ever, the same result would be obtained if the mucilage were a 
mixture of a polyuronide and pentosan in varying proportions. 

Hydrolysis of Mucilage—The mucilage was separated, by hy- 
drolysis with 4 per cent sulfuric acid solution in a bath of boiling 
water, into three portions; namely, an insoluble X body, the salt 
of a uronic acid-sugar compound, and a syrup containing the sugars. 

Uronic Acid-Sugar Compounds—The composition of the uronic 
acid-sugar compound depends on the duration of hydrolysis of the 
mucilage. When the heating is for 12 hours, the uronic acid 
remains combined chiefly with 2 molecules of a pentose sugar. 
When, however, the heating is for 20 hours, the uronic acid remains 
combined chiefly with 1 molecule of a pentose. 

The presence of a uronic acid was established by the naph- 
thoresorcinol test (3) and the yield of carbon dioxide by the 
method of Lefévre and Tollens (4). This was identified as gal- 
acturonic acid by the method of Heidelberger and Goebel (5). 

The purified calcium salt from hydrolysis of the mucilage for 
20 hours gave on analysis 9 per cent CaO and 12.5 per cent CO». 
A salt composed of 1 molecule of uronic acid and 1 molecule of a 
pentose sugar should give 8.11 per cent CaO and 12.75 per cent 
CO:. Some of this salt was hydrolyzed in 4 per cent sulfuric acid 
solution for 14 hours in an autoclave at 120°. From this solution 
were isolated dextrorotating barium galacturonate (6) and the 
sugar l-arabinose. This established the presence of d-galacturonic 
acid and proved that the sugar attached to it is |-arabinose. 

The purified calcium salt from the hydrolysis of the mucilage 
for 12 hours gave on analysis 9.6 per cent COs The aldehyde 
group in this salt was oxidized to a carboxyl group by barium 
hypoiodite (7). The calcium salt of the resulting dibasic acid 
gave on analysis 11.5 per cent CaO, 8.8 per cent COs, and the 
[a]? = +69.4°. The calcium salt of a uronic acid combined with 
2 pentose molecules should give, before oxidation, 9.22 per cent 
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CO, and, after oxidation, 10.93 per cent CaO and 8.6 per cent 
CO:. These data prove that in this salt the d-galacturonic acid 
is combined with 2 pentose molecules. Some of this salt, before 
oxidation, was hydrolyzed in the autoclave, as already described. 
In the products of hydrolysis were identified the two sugars, 
l-arabinose and d-xylose. These facts prove that d-xylose is the 
second sugar in the chain attached to the d-galacturonic acid. 

The Sugars—The gummy sugar obtained by hydrolysis of the 
mucilage in a bath of boiling water generally amounted to between 
75 and 90 per cent of the weight of the mucilage used, depending 
on the duration of heating and the crop of mucilage used. In 
general, hydrolysis for 12 hours gave slightly lower weight of gum 
sugar than hydrolysis for 20 hours. 

When the gum sugar obtained by hydrolysis for 12 hours was 
completely freed of salts by use of absolute alcohol and was then 
dissolved in glacial acetic acid, it was converted very largely 
into crystalline d-xylose which melted at 149° and had [a]” = 
+18.5°. This sugar was further identified as d-xylose by 
Bertrand’s test (8), which gave the characteristic boat-shaped 
crystals of Cd(CsH,Os)2-CdBr2-2H,O. This gummy sugar seemed 
to be composed almost wholly of d-xylose. 

When the gum sugar obtained by hydrolysis of the mucilage 
for 20 hours was treated as described above, approximately 80 
per cent of it was obtained as crystalline d-xylose. The remaining 
gum gave qualitative tests for both d-xylose and l-arabinose. In 
one case crystalline /-arabinose, melting at 154° and showing 
[a]? = +104° was obtained in small amounts from the gum sugar 
after removal of most of the d-xylose. This was further identified 
as l-arabinose by conversion to the diphenylhydrazone melting 
at 199°. It thus appears that longer heating leads to splitting off 
of some of the J-arabinose from the d-galacturonic acid. 

The pentosan portion of this mucilage consists very largely of 
d-xylose, with a small amount of /-arabinose. 

X Body—tThe insoluble material remaining after hydrolysis 
of the mucilage amounted to between 1.5 and 2.5 per cent of the 
mucilage used, depending on the method of preparation of the 
mucilage. It will be referred to as an X body. 

In general, when a polyuronide is hydrolyzed, it leaves varying 























E. Anderson and M. Fireman 441 


amounts of insoluble material. This sometimes amounts to 20 
per cent of the weight of the polyuronide. Occasionally the 
decided change in the appearance of the solution as hydrolysis 
proceeds suggests that the insoluble material is a definite part of 
the polyuronide molecule (9). Possibly in such cases this material 
corresponds to the aglucone part of such glucosides as quercetrin. 
In other cases the small amount of insoluble material may be due 
to impurities or to decomposition products formed during 
hydrolysis. 

Ash—The mucilage is present as a salt of one or more metals. 
The ash resulting from ignition of the mucilage gave qualitative 
tests for potassium, calcium, iron, and phosphate. 

Seed Coats—The seed coats contain all the mucilage and very 
little else. When they are removed from the seed and mixed with 
water, they act as the mucilage does. On hydrolysis they yield 
approximately the same amounts of the substances as the muci- 
lage. Analysis of the seed coats gave the following results, 
expressed in per cent: ash 1.99, total nitrogen 0.18, ether extract 
0.38, crude fiber 2.25, pentosan 86.5, carbon dioxide 2.15, uronic 
acid anhydride 8.6. In this analysis the X body would appear as 
a part of the crude fiber. The per cent mucilage in the seed coats 
would be the sum of the percentages of the ash, uronic acid an- 
hydride, pentosan, and a part of the crude fiber. This amounts 
to approximately 98 per cent of the weight of the seed coats. 

Structure of Mucilage—Little is known of the exact structure of 
this mucilage. However, the d-galacturonic acid is combined, 
probably through its aldehyde group, with a molecule of l-arabin- 
ose. The latter sugar is combined, through its aldehyde group, 
with a chain of varying numbers of molecules of d-xylose. Appar- 
ently the X body is combined with a molecule of d-xylose. 


SUMMARY 


The mucilage from psyllium seed consists of a mixture of poly- 
uronides. These bodies are composed of d-galacturonic acid 
combined with l-arabinose. The latter sugar is combined with 
chains of d-xylose molecules varying in length from 8 to 35 mole- 
cules and a small amount of an X body. 
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OXYGEN DISSOCIATION CURVES OF BIRD BLOOD 


(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


8 (Received for publication, February 11, 1935) 


In a recent review Redfield (1) has called attention to the atypi- 
cal manner in which the blood of certain birds and fish combines 
with oxygen. This matter aroused our interest because in such 
remotely related animals as Urechis (2), the skate (3), four reptiles 
(4-6), and the dog (7) the form of the oxygen dissociation curve 
is roughly similar, to that of human blood. Accordingly, experi- 
ments have been carried out on six species of birds, including 
those studied by Wastl and Leiner (8). In order to make a 
complete study on a single specimen of blood, enough birds were 
decapitated to yield at least 100 cc. of blood. Such a specimen 
with heparin added remains virtually unchanged during 48 hours 


within 24 hours. 


equilibration is applied to blood having nucleated red cells. 
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storage at 0°; actually our experiments were usually completed 
There is a slight but appreciable error if the usual method of 


gen is being utilized continuously; hence, a moving rather than a 
stationary equilibrium is reached. -We sought to avoid this error 
by the use of hemolyzed red cells... With human blood one thus 
obtains a solution which is fairly homogeneous, yields very little 
sediment on centrifugation,-and gives an oxygen dissociation 
curve almost identical in form and position with that of whole 
blood if proper pH adjustment is made. Bird blood thus treated 
yields a heterogeneous mass which separates into two phases on 


1 Blood was centrifuged, supernatant plasma and white cells were re- 
moved, and the red cells washed three times with 1 per cent NaCl solution. 
The addition of 2 volumes of distilled water at room temperature soon 
completes hemolysis. The further addition of 1.2 mg. of NaHCO; to each 
ml. of solution restores the available base to a value about equal to that 
in the original blood. 
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centrifugation. The upper half or two-thirds is a homogeneous 
solution of hemoglobin; the lower portion is a reddish jelly. On 
washing the jelly with distilled water, its volume increases and 
some hemoglobin appears in the wash water. 

Oxygen dissociation curves have been derived for the super- 
natant homogeneous solution as well as for the intact whole blood. 
It was found, however, that such a solution has much less affinity 
for oxygen than blood, even when pH is taken into account. 
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Fic. 1. Hemoglobin solution from blood of the domestic fowl at 37.5°. 
Left-hand figure, log pO, as a function of log R where R = 100 Hb/Hb0O;. 
Right-hand figure, the relation between the position of the oxygen disso- 
ciation curve and pH. The unit of measure for pO, is mm. of Hg. 


The evidence for this is found in Figs. 1 and 2. The dissociation 
curves for hemoglobin solution at three pH values are given in 
Fig. 1, together with the relation between pH and position of the 
curves at one-half saturation. Similar experiments were carried 
out on whole blood, and in Fig. 2 a comparison is made between 
hemoglobin solution and whole blood, the pH of the solution as 
well as of the red cells being 7.1. 

Various hypotheses may be advanced to explain this curious 
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behavior. A plausible one is that two hemoglobins are present in 
intact red cells of birds and that a partial separation is effected 
by our procedure. The existence of two hemoglobins in mam- 
malian blood has been suggested by Brinkman, Wildschut, and 
Wittermans (9) and in the blood of the young domestic fowl by 
Hall (10). Another possibility is that partial denaturation or 
coagulation has occurred. However the phenomenon is explained, 
the fact remains that from the physiological point of view the 
nature of the oxygen dissociation curve can best be studied in whole 
blood. 
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Fic. 2. Oxygen dissociation curves of blood and hemoglobin solutions 


at 37.5°. (The data for the blood of the domestic fowl will be published 
at another time.) 


The presentation of data on blood has been simplified by con- 
verting all points to a pH, value of 7.1. In order to accomplish 
this, the blood was equilibrated at pCO, values of 10, 40, and 100 
mm. and total CO, as well as total O, determined for each point. 
The distribution of bicarbonate between cells and serum was 
found to be about the same asin human blood. The ionic strength 
also is about the same; hence it has been assumed that the pK’ 
values calculated for mammalian red cells by Stadie and Hawes 
(11) are applicable. 

It is natural to wonder whether this assumption could be suffi- 
ciently in error to account for the difference between the curves 
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for blood and hemoglobin. 


This seems improbable, for in our 


hemoglobin solutions the pK’ was experimentally determined, with 
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Fig. 3. Oxygen dissociation curves of blood at 37.5°. 
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corresponds to the curve of Wastl and Leiner (8) for the pigeon blood at 
42° and pCO, 40 mm. of Hg. 
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Fig. 4. Oxygen dissociation curves of blood at 37.5°. 
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The broken line 


corresponds to the curve of Wastl and Leiner (8) for duck blood at 42° 


and pCO, 40 mm. of 
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the glass electrode, and found to be within a few hundredths of 
the expected value; a difference of 0.3 would be required to bring 


the oxygen curves together. 
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The oxygen dissociation curves for four other species of birds 
are shown in Figs. 3 and 4. These all differ from the curve charac- 
teristic of human blood in two respects: there is much less affinity 
for oxygen, as Wastl and Leiner report (8), and the first increments 
in oxygen pressure appear to be associated with virtually no uptake 
of oxygen. This last observation is presumably a consequence of 
the methodical error referred to above, for in this part of the curve 
its effect is most evident. 

Aside from the lower portion of the curves there is nothing 
unusual about their form; they all may be considered typical oxy- 
gen dissociation curves. The peculiarities found by Wastl and 
Leiner (8) for duck and pigeon blood are not supported by our 
study of the same species. We are of the opinion that their 
results are complicated by the fact that observations were made 
on two or more specimens of blood. Although pCO, was held 
constant, there was no control of the alkaline reserve in the differ- 
ent specimens and no assurance, therefore, of constant pH. 


SUMMARY 


The product of hemolysis of bird erythrocytes with water is 
not hemogeneous. The supernatant solution of hemoglobin ob- 
tained from this mixture by centrifugation has much less affinity 
for oxygen than whole blood, even if proper pH adjustment is 
made. 

Bird blood has a lower affinity for oxygen than the blood of 
man, but the form of the oxygen dissociation curve is much the 
same. 
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THE NATURE OF THE DIFFERENCE IN PHOSPHOLIPID 
CONTENT OF OXALATED AND HEPARINIZED PLASMA 


By L. H. SCHMIDT 


(From the Christ Hospital Research Institute, and the Department of 
Biochemistry, University of Cincinnati, Cincinnati) 


(Received for publication, February 6, 1935) 


Man and Gildea (1) observed that the total fatty acid content 
of either serum or heparinized plasma was greater than that of 
oxalated plasma. This difference was tentatively ascribed to one 
of two causes: either a precipitation of plasma phospholipids by 
the sodium or potassium oxalate (MacLean and MacLean (2)), or 
an increase in the plasma volume of oxalated blood due to shrink- 
age of the red blood cells. 

Since our plasma phospholipid studies involved the use of oxa- 
lated blood, it was of interest to determine in what manner and to 
what extent addition of potassium oxalate modified plasma phos- 
pholipid content. The present experiments have demonstrated 
that the phospholipid content of oxalated plasma is consistently 
lower than that of heparinized plasma; this difference is due to 
alterations in cell and plasma volumes and not to phospholipid 
precipitation. 

EXPERIMENTAL 


Solutions of heparin (Hynson, Westcott and Dunning) and 
potassium oxalate (neutralized according to Peters and Van Slyke 
(3)) were added to venous blood drawn from normal humans, 
dogs, and rabbits. The final concentration of heparin in the blood 
was always 0.04 per cent; that of potassium oxalate was varied 
between 0.1 and 0.8 per cent. 

Whole blood and plasma lipids were extracted by a modification 
of the Bloor (4) procedure; 2 cc. were extracted with two 50 cc. 
portions of a boiling mixture of 3 parts of absolute ethyl alcohol 
and 1 part of absolute ethyl ether. The phosphorus in this 
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extract, soluble in petroleum ether, was determined by the Fiske 
and Subbarow (5) method. The experimental error was +1.5 
per cent. 

Plasma and cell volumes were determined by centrifuging the 
freshly drawn blood in a 12 cc. calibrated centrifuge tube at 2500 


Taste I 


Comparison of Phospholipid Phosphorus Content of Blood, without Any 
Anticoagulant, Heparinized, and Oxalated 


The results are expressed in mg. per 100 cc. of blood. 














Oxalated blood 
Blood Hepari- 
Subject No. — nized Concentration of K oxalate, per cent 
coagulant blood 
0.1 0.2 0.4 0.6 0.8 
Human 1 9.45 9.36 9.4 9.4 9.4 9.4 
cae 10.8 10.8 10.7 10.8 10.7 10.8 
ae 10.9 10.8 10.8 10.9 10.7 10.9 
= 12.1 12.0 12.1 11.8 12.1 
my 11.3 11.3 11.5 11.4 11.3 
ne. 8.19 8.1 
ae 9.17 9.2 
oe 11.1 11.0 
Dog 1 13.9 13.7 
is 2 14.0 14.1 
™ 3 13.6 13.7 
+ 4 14.0 13.7 
3) 5 13.2 13.1 
™ 6 13.9 14.2 
Rabbit 1 9.68 9.75 
*. 2 8.62 8.60 
=» 9.12 8.92 
- .@ 8.55 8.70 


























R.P.M. until constant cell volumes were obtained. This -required 
not longer than 70 minutes. 

Whole Blood—The phospholipid phosphorus content of whole 
blood was determined in eight humans, six dogs, and four rabbits. 
Samples treated in three ways were analyzed: (1) without any 
anticoagulant, (2) heparinized, and (3) oxalated (0.1 to 0.8 per 
cent potassium oxalate). As Table I shows, none of these treat- 
ments led to a significant difference in phospholipid content. 
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Plasma—However, Table II shows that there was a difference 
in plasma. The phospholipid phosphorus content of oxalated 
plasma was in every instance lower than that of heparinized, the 
difference varying from 4 to 12.5 per cent. Table II also shows 
that the plasma volume of oxalated blood was greater than that of 
heparinized, confirming the earlier observation of Eisenman (6). 
When the phospholipid phosphorus content of oxalated plasma is 
corrected for this difference in plasma volume, the resulting values 
approximate those obtained with heparinized plasma. 

Table II demonstrates two other points of interest. First, in- 
creasing the concentration of potassium oxalate from 0.2 to 0.4 


Taste III 


Effect of Addition of Potassium Oxalate on Phospholipid Phosphorus Content 
of Heparinized Plasma 


The results are expressed in mg. per 100 cc. of plasma. 




















Heparinized plasma + K oxalate 
. Hepari- 
> nized Concentration of K oxalate, per cent 
‘ 1 2 4 6 8 10 

1 6.94 7.02 7.02 7.05 6.05 

2 8.12 8.07 8.08 8.04 8.08 8.07 7.75 
3 6.64 6.8 6.47 6.66 6.57 6.51 6.54 
4 6.37 6.32 6.33 6.26 
5 7.34 7.23 7.24 
6 8.50 8.57 8.65 




















per cent had little effect on either phospholipid content or plasma 
volume. Second, the phospholipid content of heparinized plasma 
was uniformly from 10 to 12 per cent higher than that of plasma 
containing 0.2 to 0.4 per cent potassium oxalate. 

These results indicate that the difference in phospholipid content 
of oxalated and heparinized plasma is due to a change in plasma 
volume and not to phospholipid precipitation. 

Additional evidence that such is the case was given by experi- 
ments in which varying amounts of potassium oxalate were added 
to heparinized human plasma, the final potassium oxalate concen- 
tration varying from 1 to 10 per cent. The results, summarized 
in Table III, show that even such high concentrations do not 
precipitate plasma phospholipids. 
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SUMMARY 


The phospholipid content of heparinized plasma is consistently 


10 to 12 per cent higher than that of oxalated plasma, when the 
latter contains from 0.2 to 0.4 per cent potassium oxalate. This 
difference is the result of alterations in cell and plasma volumes 
produced by the oxalate; the volume of plasma from heparinized 
blood is correspondingly less than that obtained from oxalated 
blood. 


rr 
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LACTIC ACID FORMATION IN LIVER* 


By PHYLLIS A. BOTT anp D. WRIGHT WILSON 


(From the Depariment of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, February 15, 1935) 


The concentration of lactic acid in and the formation of lactic 
acid by tissues in vitro have been studied by many investigators. 
While it is known (Rosenthal (1), Warburg, Posener, and Negelein 
(2)) that liver in common with many other tissues forms lactic 
acid, it has not been sufficiently emphasized that, unlike muscle, 
the liver is easily damaged so that lactic acid formation may not 
occur. 

Determination of Lactic Acid in Liver—The determination of lac- 
tic acid in liver tissue by a method involving the formation and 
estimation of acetaldehyde is complicated on account of the pres- 
ence of relatively high concentrations of carbohydrate material. 
The complication is especially great when liver tissue is analyzed 
after digestion in vitro. On account of difficulties which were 
encountered in the use of the method of Friedemann, Cotonio, and 
Shaffer (3), we have studied its application to the analysis of liver 
tissue in some detail. In comparison with the Friedemann, Co- 
tonio, and Shaffer method (with KMnO, and H,SO,) the modifica- 
tion of Friedemann and Kendall (4) (with MnO, and H;PO,) was 
studied. Both yielded results 98 + 2 per cent of the theory when 
standard solutions of pure lactic acid or zinc lactate were used. 
0.001 N iodine was employed in the titration and 0.5 to 1.5 mg. of 
lactic acid were taken for each determination. 

From 5 to 10 gm. of hashed or sliced liver were suspended in an 


* The data in this paper were taken from the thesis presented by Phyllis 
A. Bott to the Faculty of the Graduate School of the University of Pennsyl- 
vania, in 1930, in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy. 
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approximately equal weight of salt solution.! After standing for 
15 minutes or longer, mercuric chloride and hydrochloric acid were 
added and the solution was allowed to remain in the refrigerator 
overnight (Schenk procedure). The final volume of the solution 
was 10 or more times the weight of the tissue used. 

The livers of well fed animals were so rich in glycogen that the 
protein-free filtrate, especially when the livers had been ground, 
was turbid with glycogen which prevented the flocculation of 
mercuric sulfide on the addition of hydrogen sulfide. Floccula- 
tion was brought about by boiling the solution for a minute or 
two with the addition of a pinch of sodium sulfate after saturating 
with hydrogen sulfide. 

Carbohydrate material was removed by treating the neutralized 
filtrate with copper sulfate and calcium hydroxide. However, 
such amounts of copper sulfate and calcium hydroxide as are 
generally used for blood or muscle filtrates were inadequate for 
the removal of reducing substances from the liver filtrates of the 
type described. This was especially true if the solutions had been 
heated. It was found necessary to use as much as 35 cc. of 10 per 
cent copper sulfate solution and 40 cc. of a 5 per cent suspension 
of calcium hydroxide for every 20 cc. portion of neutralized protein- 
free filtrate (corresponding to about 1.6 gm. of liver). These 
amounts were determined by increasing the volume of reagents 
used in repeated trials, until the resulting filtrates no longer re- 
duced Benedict’s reagent. Since it was impossible to predict the 
amount of the reagents required for each precipitation, these large 
quantities of reagents were used routinely where the copper-lime 
method was employed with liver. 

When lactic acid was determined on copper filtrates from liver 
prepared as described above, it was noticed that in many cases, as 
the end-point of the titration was approached, the color appeared 
and then faded rapidly and a considerable additional titration was 
necessary to produce a color which persisted for 30 seconds. The 
effect was that which would be produced by the presence of ma- 
terial which dissociated from bisulfite slightly less readily than 


10.9 per cent NaCl, 2 per cent bicarbonate, and bicarbonate-Ringer’s 
solution were used in various digestion experiments. The initial samples 
were suspended in the same fluid as the samples which were allowed to 
digest. 
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does acetaldehyde. The fading was more pronounced when per- 
manganate and sulfuric acid were used for oxidation. These 
observations indicated that some interfering substance was present 
in liver, not entirely removed by the copper-lime treatment. It 
was therefore decided to study a method involving ether extraction. 

In order to study the recovery of lactic acid, 40 cc. of lactic acid 
solution were placed in an efficient continuous extractor, the solu- 
tion saturated with ammonium sulfate, 6 drops of concentrated 
sulfuric acid were added, and the solution was extracted with 100 
cc. of ether. Extraction was continued for various periods of time 
at such a speed that ether dropped from the condensers in an 
almost continuous stream. When extraction was discontinued, 
evaporation was carried out as described by Clausen (5) except 
that it was not found necessary to evaporate “almost to dryness.” 
After evaporation of the ether, the neutralized aqueous solutions, 
which were then transferred to 15 cc. beakers, were heated on a 
water bath for about 45 minutes during which time about half of 
the water evaporated, leaving approximately 5 cc. of solution. 
This was transferred to a 50 cc. volumetric flask and made up to 
volume. As a rule 10 cc. aliquots served for lactic acid deter- 
minations. 

Anhydrous ether containing only 0.5 per cent of alcohol was 
used for extraction. Blanks were run on this ether, evaporation 
on a water bath being performed as described above. The 10 cc. 
aliquots produced blanks no larger than those obtained with the 
reagents used in the lactic acid determination itself (0.3 cc. of 
0.001 n iodine). If ordinary v.s.p. ether was used, a high blank 
(1.1 to 1.4 cc. of 0.001 Nn iodine) was obtained, but this could be 
reduced to about 0.4 cc. by shaking the ether immediately before 
using, with dilute alkaline potassium permanganate solution, and 
then twice with small portions of water. 

By the method described above we have been able to obtain 
quantitative recoveries of 1.26 to 44.2 mg. of lactic acid in 2.5 
hours of extraction. A summary of data is as follows: Extractions 
for 2.5 to 8.0 hours yielded recoveries of 100 per cent; extractions 
for 2 hours yielded 94 to 98 per cent; extractions for 1.5 hours 
yielded 81 to 93 per cent. The percentage recoveries were calcu- 
lated from determinations made directly on the solutions which 
yielded 98 + 2 per cent of the theoretical values. 
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Solutions from tissues were always extracted for at least 3 hours. 
There is apparently some danger in extracting for very long periods 
of time (as for example, 30 hours as recommended by Embden and 
Kraus (6) for more concentrated extracts), because on keeping the 
acid aqueous solution in contact with ether for many hours, the 
apparent lactic acid content was sometimes raised. This was true 
even when the solutions were kept overnight in the refrigerator. 
Our observations are not in accord with those of Friedemann and 
Graeser (7) who dismiss ether extraction with the statement that 


TaBLe I 
Recovery of Added Lactic Acid from Suspensions of Liver Hash 
The results are expressed as mg. per 100 gm. of fresh liver. 








. . Lactic acid mae Total Added 
mont No, | found |"*dded' | nga | lncieacd | recovery | Method 

38 93 14 98 5 35 Cu-lime* 
95 14 98 3 21 - 
75 14 88 13 93 Ether* 
75 14 88 13 93 “ + 

40 23 43 66 43 100 Cu-lime* 
25 43 71 46 107 “ 
28 43 69 41 95 Ether* 
28 43 70 42 97 tg 

53 106 50 154 48 96 Cu-lime* 
107 50 156 49 98 “ + 
93 50 144 51 102 Ether* 
93 50 143 50 100 "2 























° With MnO; + H;PO,. 
tT With KMnO, + H,SO,. 


there is always loss of lactic acid due to oxidation by organic 
peroxides formed during extraction and evaporation and due to 
volatilization during evaporation of aldehydes which are always 
present. 

Table I shows the recovery of added lactic acid from suspensions 
of hashed liver as determined on copper-lime filtrates and on ether 
extracts. When ether was used the proteins were precipitated by 
the Schenk procedure and the filtrate extracted after saturation 
with ammonium sulfate and addition of sulfuric acid. In calcu- 
lating the results, total volumes were calculated on the basis of 
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the volumes of material used, the specific gravity of liver being 
taken as 1. The recoveries of added lactic acid are shown to vary 
from 93 to 102 per cent after ether extraction. The recoveries by 
the copper-lime procedure varied from 21 to 107 per cent. The 
differences between the analyses by the two procedures are perhaps 
best shown by the data in the second column. Here, as with 
many other comparisons which are not reported, the results of the 
copper-lime procedure ranged from 14 per cent lower to 25 per cent 
higher than those of the ether extractions. Our experience with 
many analyses leads us to conclude that the copper-lime procedure 
is unsatisfactory and that good results can be obtained by ether 
extraction. 

It was not found necessary to use ether extraction on filtrates 
from muscle. 4 cc. of copper sulfate solution and 4 cc. of calcium 
hydroxide suspension were ample to remove the sugar from 20 cc. 
of muscle filtrate. Good end-points were obtained when lactic 
acid was determined on the copper filtrates, and the results of 
these determinations agreed very closely with those on ether 
extracts. 

Comparison of Lactic Acid Formation in Hashed and Sliced Liver 
and Muscle—In the absence of oxygen, considerable lactic acid 
formation occurs in intact striated muscle as well as in muscle 
hash or press juice. Hashing, freezing, and pulverizing do not 
appear to interfere much with the formation of lactic acid by 
striated muscle. The ease with which lactic acid may be formed 
in suspensions of striated muscle tissue prepared in different ways 
has led various investigators to use similar procedures for the study 
of lactic acid formation in other tissues. The results have been 
to a considerable extent misleading. Experiments recorded below 
demonstrate the great’importance of intact cell structure for lactic 
acid formation in liver. 

Data in Table II demonstrate that hashed liver tissue forms lac- 
tic acid much more slowly than do liver slices. In contrast to 
this, hashed and sliced muscle tissue form lactic acid at about the 
same rate. 

There is not the rapid formation of lactic acid in liver that there 
is in muscle after it is removed from the body. A portion of liver 
dropped into liquid air as soon as it was removed from the animal 
was compared with a portion taken to the cold room and ground 
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in a meat chopper as soon as possible. Both portions showed the 
same concentrations of lactic acid. 

In other experiments not described in detail we have found the 
lactic acid concentrations in hashed livers of well fed rabbits to 
range from 70 to 150 mg. per cent before incubation,’ and after 
incubation to range from 134 to 300 mg. per cent. These results 
are similar to those of Riesser and Hansen (8) and Krause (9). 
The livers of fasting animals in our experiments contained 20 to 
50 mg. per cent of lactic acid which about doubled after 4 hours 


TaBieE II 
Comparison of Lactic Acid Formation in Hashed and Sliced Tissue of Rabbits 
Digestions in bicarbonate-Ringer’s solution at 37°. 




















Tempera-| “rh Ganue | | Ratio of 
Experi- | during : slices to 
ment No. * 
Prefer | init |__| ine in 
Hashed | Sliced 
A mg. mg. mg. 
Liver, 2 hrs. in N: 52 25 117 168* 225 2.08 
“ 30 min. in O, + 44 3 114 161* 481 8.00 
2 hrs. in N; 4o 3 181 285 
Same 49 3 164 259 
= 50 25 111 222 372 2.35 
= 51 25 128 238 406 2.53 
Muscle, 2 hrs. in 46 3 297 846* 821 0.95 
vacuum 
Muscle, 2 hrs. in N: 49 3 581 947* 1012 1.18 














* Put through meat chopper several times. 


digestion. It is interesting to note that the livers of well fed ani- 
mals contained more lactic acid initially and formed more lactic 
acid during digestion than did livers of fasting animals. 

Effect of Freezing Liver on Its Glycolytic Activity—The effects of 
freezing and pulverizing and of freezing alone previous to the incu- 
bation of liver are shown in Table III. In Experiments 20 to 38 
liver was powdered in a mortar after being frozen for about 10 
minutes with liquid air or carbon dioxide snow. In Experiments 
50 and 51 liver was sliced and then frozen for about 10 minutes. 


? These high initial values are explained in the following paper. 
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In all cases, little or no lactic acid was formed on incubation. 
That the unfrozen tissue could form lactic acid is shown in the last 
two columns of Table III. 

It is concluded that treatment which damages the structure of 
liver tissue decreases its capacity for lactic acid production. This 
may explain the results of numerous experiments involving liver 
autolysis (Sevringhaus, Koehler, and Bradley (10), Rona and 
associates (11, 12)) in which the liver as a rule was ground to a 
pulp and treated with an antiseptic and was sometimes previously 
frozen. In these experiments there was usually only a small 
amount of lactic acid produced over a period of several days. 


Taste III 
Effect of Freezing on Lactic Acid Formation in Liver Tissue of Rabbits 
The results are expressed as mg. of lactic acid per 100 gm. of fresh liver. 
































oe ee Frozen Not frozen 
c a = Ee a 
Es g28 Peosins =] Incubation =) 
a | 688| 2 2 | 3 e| 3 
a |e | o|a oie 
°C. 
20 3 | 104 | CO: snow 100 Vacuum, 2 hrs. at 
25° 
29 3 75 | Liquid air 76 Vacuum, 2 hrs. at 
25° + 2 “ “ 
37° 
35 3 99 “ce sé 88 oe oe 301 
38 3 75 oe oe 78 “cc “oc 185) 
50 25 | 1iil 4 - 120) 30 min. in O., 2 hrs. | 222) 372 
in Nz, all at 37° 
51 25 | 128 e ” 127 “ = 238) 406 








The loss of power, by liver, to form lactic acid after being frozen 
by liquid air and pulverized was overlooked by Simpson and Mac- 
leod (13). In order to compare carbohydrate metabolism of liver 
and muscle each tissue was frozen with liquid air, pulverized, and 
then allowed to stand at room temperature in salt solution. They 
found that, whereas glycogen disappeared from both tissue sus- 
pensions, lactic acid was formed by the muscle alone. The liver 
suspension formed reducing sugar but not lactic acid. The con- 
clusion was drawn that muscle functions by forming lactic acid 
and no sugar, whereas liver forms sugar and no lactic acid. The 
present investigation demonstrates that the lack of formation of 
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lactic acid by liver in the experiments of Simpson and Macleod 
was probably due to the fact that the lactic acid-forming system 
had been destroyed by freezing and grinding. While an important 
function of the liver in vivo may be to form sugar from its glycogen 
stores, it is nevertheless true that liver is capable of forming con- 
siderable amounts of lactic acid. 

That other tissues are similar to liver and unlike striated muscle 
with respect to the relation of cell structure to lactic acid produc- 
tion is suggested by the studies of Warburg, Posener, and Negelein 
(2), Barr, Ronzoni, and Glaser (14), and Ronzoni (15). Indeed, 
it seems that the lactic acid production of striated muscle is rather 
peculiar in its relative independence of tissue structure. 


SUMMARY 


A comparison of methods for the preparation of liver extract 
for lactic acid analysis has been presented. Errors were shown to 
occur when the copper-lime procedure was used. Ether extraction 
was found to be more satisfactory. 

Ground liver tissue produced less lactic acid than slices of liver. 
Freezing with liquid air destroyed the glycolytic activity of liver. 

Muscle hash and slices produced lactic acid with about equal 
rapidity. 
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THE CONCENTRATIONS OF LACTIC ACID IN BLOOD 
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In experiments described in the previous paper we observed 
that the concentrations of lactic acid in livers of well fed animals 
(generally 70 to 150 mg. per cent) were higher than those of fasting 
animals (20 to 50 mg. per cent). Cori (1) noted a similar variation 
in mice. As some struggling occurred when the rabbits were tied 
down and anesthetized, it was assumed that the high concentration 
of lactic acid in the liver might be associated with an increased 
lactic acid concentration of blood resulting from heightened lactic 
acid production. It is known that the liver removes lactic acid 
from blood after exercise. We therefore thought it worth while 
to study the relation between the concentrations of lactic acid in 
blood and liver of well fed and fasting rabbits after exercise. 

The animals were tied on an animal board, sodium amytal was 
given intraperitoneally, blood samples were taken from an ear 
vein, and, when anesthesia was complete, liver samples were 
obtained. Rabbits are so excitable that the amount of muscle 
activity which took place was probably far greater than would 
have been encountered with other common laboratory animals. 

About 2.5 cc. of blood were drawn, usually by nicking the ear 
vein, into a paraffined test-tube immersed in ice water. 2 cc. 
were quickly pipetted into a flask containing 10 cc. of water. The 
usual Schenk and Van Slyke precipitations were made and lactic 
acid determined in the final filtrate. 

The samples of liver were dropped into liquid air immediately 
after removal from the animal and powdered in an iron mortar. 
From 2 to 3 gm. were weighed (in the cold room) into flasks con- 
taining 15 cc. of Ringer’s solution and 3 cc. of 8 per cent HCl. 
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Lactic Acid in Blood and Liver 


After standing 1 hour in the cold room 12 ce. of 8 per cent HCl and 
30 ce. of 5 per cent HgCl, were added. The solutions were filtered 


TaBLe [ 


Blood and Liver Lactic Acid of Well Fed and Fasting Rabbits 








Time 
amytal 
min, "100 _ 100 bad 
1 Fed Tied on board 45 81 60 
2 ™ 2 eee 16 138 
18 95 
3 “ “ “cc “ce 0 164 
25 115 
54 76 
56 37 
90 53 
91 27 
4 “oc “ce “ “ce 8 95 
25 68 
27 36 
5 oe “ “ce e 7 88 
28 51 
33 45 
6 “ce “ec “ce oe 6 157 
18 150 90 
7 e “e ce “ce 7 186 
17 176 74 
8 ” Upright in cage 30 43 30 
9 “oc “ “ce cai 83 44 
85 40 
10 Fasted 6 days Tied on board 7 106 
31 76 
35 44 
ll o 5 oe “e “cc “ 15 36 
45 32 24 
12 “ce 8 “ “ec oc oe 10 50 
22 47 35 




















the next morning and lactic acid determined by ether extraction 


on the filtrates. 
The data for the concentrations of lactic acid in blood and liver 
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are givenin Table I. It is evident that the concentration of lactic 
acid was raised to a high level in the blood of most of the well fed 
animals. The blood samples taken early in the experiments from 
three fasting animals showed smaller accumulations of lactic acid 
than the average of the well fed animals. Two of the three fasting 
animals had especially low concentrations of blood lactic acid. 

The most obvious explanation for the difference in levels of 
blood lactic acid between the two groups of animals is that the 
fasting animals were less active than the well fed animals and there- 
fore formed less lactic acid. However, we could observe little 
or no difference in the amount of muscle activity between the two 
groups of animals. 

The animals of Experiments 8 and 9, which were well fed, were 
given sodium amytal intraperitoneally, with as little disturbance 
as possible, and were allowed to sit in the cage until anesthetized. 
Then samples of blood and liver were taken for analysis. As both 
animals had low concentrations of lactic acid in blood and liver, 
it is concluded that muscle activity due to excitement was the 
cause for the high concentrations of lactic acid in the blood of the 
other well fed animals. 

Samples of liver were taken from all animals as soon as anes- 
thesia was sufficiently deep. It is significant that in all instances 
the concentration of lactic acid in liver was less than it was in 
blood. In a number of experiments the differences were consider- 
able, especially when the blood lactic acid was high. Experiment 
3 shows that the differences were not caused by a lag in the accu- 
mulation of lactic acid in liver due to slow diffusion from the blood. 
In this experiment the concentration of lactic acid in liver de- 
creased as the concentration in the blood decreased and the con- 
centration in liver continued to be far below that in blood. The 
differences are much greater than could be explained on the basis 
of the different water contents of tissue and blood plasma. 

Glycogen increases in liver after administration of lactic acid 
(2). By studying the blood going to and from the liver it has 
been demonstrated that the liver takes up lactic acid from blood 
after exercise (3, 4). Presumably it is converted into glycogen. 
Our own observations show that lactic acid does not accumulate 
to any great extent in the liver when it disappears from the blood 
after exercise, the lactic acid concentrations in the liver remaining 
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considerably below the blood levels. Therefore it would appear 
that the synthetic processes in the liver are capable of forming gly- 
cogen from lactic acid with considerable rapidity. 


SUMMARY 


The concentration of lactic acid in the blood of well fed rabbits 
may rise to very high values following moderate struggling and 
anesthetizing with amytal. The rise is not so great in fasting 
animals. 

The concentration of lactic acid in liver rises and falls with 
changes in the blood but is usually far below the blood level. 
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THE MEASUREMENT OF pH AND ACID-NEUTRALIZING 
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The reaction of human saliva has been determined by a large 
number of investigators. Indeed, the earlier experiments in this 
direction antedate the quantitative formulation of acidity in terms 
of pH. The hydrogen electrode was found to give results which 
differed by 0.1 to 0.5 pH unit from those obtained with the aid of 
indicators (1). There appears to be no other published evidence 
regarding the precision of any of the methods used. Measure- 
ments of greater precision than the indicators afford would be 
desirable, if the behavior of such saliva constituents as proteins, 
phosphates, etc., is to be studied. The above considerations led 
us to investigate the applicability to saliva of those electrometric 
methods which have been successfully employed in the case of 
blood serum and plasma. 

The subjects were 20 to 45 years of age. Active caries was 
present to a slight extent in a few cases. Otherwise the oral condi- 
tions were normal. The mouth was rinsed with water before 
collecting the sample. The saliva was allowed to accumulate in 
the mouth (by normal flow unless otherwise specified) for a suffi- 
ciently long period, then transferred to a suitable vessel. 

In reporting the results of our measurements, we shall use the 
term pH in its empirical sense only (2); 7.e., without any implica- 
tion concerning its relationship to H ion concentration or activity. 


EXPERIMENTAL 


Hydrogen Electrode Checked against Quinhydrone Electrode—The 
measurements were performed at 25° + 0.05°. In using the 
capillary quinhydrone electrode, we followed the procedure de- 
scribed by Laug (3). 
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The saliva was collected for 25 to 30 minutes and transferred to 
the solution cup of the Clark electrode vessel. The cup was closed 
with a rubber stopper which carried two glass tubes. One com- 
municated, through a stop-cock, with a pressure reservoir. The 
other, a capillary dipping into the saliva, was also provided with 
a stop-cock. 

The saliva was mixed, in so far as possible, by rocking the vessel. 
A quinhydrone cell was then attached to the capillary and filled. 
The measurement with the quinhydrone electrode was repeated 
at intervals until the difference between two consecutive results 
did not exceed 2 millivolts; then a check determination was made 
with the hydrogen electrode. 

In calculating the pH values, the quinhydrone electrode was 
assumed to be more positive than the hydrogen electrode by 0.6992 
volt at 25°. The quinhydrone electrode showed a drift of about 
1 millivolt during 3 to 8 minutes after the filling; equilibrium 
readings were taken as the correct ones. 

Check determinations with the hydrogen against quinhydrone 
electrode were made on fifteen saliva samples from the same individ- 
ual and on five samples from four other subjects. Only in a 
single case, the values by the two methods differed by as much as 
0.06 pH unit. The average difference was 0.025 pH unit. 

No further experiments were made with the hydrogen elec- 
trode since the quinhydrone electrode proved more convenient 
to use. 

Quinhydrone Electrode Checked against Glass Electrode—The 
quinhydrone cells were the same as previously used, except that 
a small stop-cock was attached at the lower end in order to prevent 
flow and diffusion within the capillary. The glass electrodes were 
of the type developed by MacInnes and Dole (4). Fig. 1 shows 
one of those electrodes supported in a glass vessel, C, which con- 
tains saliva (or some other solution used in the measurement). B 
is one arm of a U-tube filled with saturated KCl. Suspended in 
the other arm (not shown) is the reference half-cell (Ag-AgCl elec- 
trode in 0.1 N HCl). The same salt bridge and reference half-cell 
were used in the measurements with the quinhydrone electrode. 

The measurements were made in a shielded oil bath whose 
temperature was maintained at 25° + 0.05°. A Lindemann 
electrometer served as the null point instrument; the smallest 
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deflection which could be observed corresponded to 0.5 millivolt. 
The compensating electromotive force was supplied by a type K 
potentiometer. Both the quinhydrone electrode and the glass 
electrode were calibrated against 0.05 m phthalate (pH 3.98:) and 
a phosphate buffer of pH 6.97, (measured with the hydrogen 


electrode). 























Fig. 1. The glass electrode vessel. C represents the electrode vessel; B, 
the salt bridge. 


The saliva used in the check measurements was thoroughly 
mixed in the vessel shown on Fig. 2. The electrode vessels were 
then filled through the capillary attached to its side. Seven check 
determinations were made. The values obtained by the two 
methods differed, on the average, by 0.01 pH unit; the largest dif- 
ference was 0.02 pH unit. The drift observed with the glass 
electrode was 0.5 millivolt or less; successive readings on samples 
of the same saliva or buffer solution checked within 0.5 millivolt. 
The glass electrode was therefore adopted for use in subsequent 
work. 
pH of Resting and Paraffin-Stimulated Saliva—The measure- 
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ments were made in an oil bath at 37° (cf. above). The glass 
electrodes were calibrated against 0.05 m phthalate whose pH was 
assumed to be the same at 37° as at 25° (5). 

The saliva was obtained between 3 and 4 p.m. After a sample 
of resting saliva (about 8 minutes required) was collected, the 
subject was asked to rinse his mouth and was given a piece of 
parawax to chew. In about 3 minutes a sufficient quantity of the 
stimulated saliva accumulated in the mouth. In order to mini- 
mize the loss of CO2, the samples were transferred from the mouth 
to the electrode vessel C (Fig. 1) with the aid of a funnel (with a 

















Fig. 2. The mixing cell. The saliva was introduced through the capil- 
lary tube attached to the side. 


wide cone) which was attached to C with a short piece of rubber 
tubing. With the funnel held between the lips and the teeth, 
saliva was allowed to flow into the electrode vessel until its level 
reached 1 cm. above the glass membrane. 

Nine samples of resting saliva from nine subjects ranged from 
6.37 to 6.89 pH. The pH of nine samples of stimulated saliva, 
collected immediately after, varied between 6.97 and 7.32. In 
the case of four of the subjects, additional samples were taken 
between 11 a.m. and 12 noon and between 5and6p.m. (The sub- 
jects had completed their breakfast at 8 a.m., lunch at 12.30 p.m.) 
The pH values of those samples were 6.40 to 6.88 for resting saliva, 
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7.00 to 7.27 for stimulated saliva. The average of all of the above 
results for resting saliva is pH 6.64; for stimulated saliva, 7.13. 

pH Change of Saliva on Addition of Acid and Alkali—Neither 
the quinhydrone electrode (in its usual form) nor the glass elec- 
trode proved suitable for the potentiometric titration of saliva, 
probably because of the presence of proteins which precipitated 
on the electrode surface during the addition of acid. Preliminary 
experiments with the hydrogen electrode showed that it, too, was 
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Fia. 3. The titration curves of saliva. The amounts of 0.1 n HCl or 
NaOH added to a 2 cc. sample of resting saliva are given as the abscisse. 
The titration curve of 1:2 saliva is represented by a solid line; that of 1:10 
saliva, by a dotted line. <  — 
































subject to a similar influence. The quinhydrone electrode gave 
readings reproducible to 0.15 pH unit when used in the titration 
of dilute (1:10) saliva with 0.1 Nn HCl. The titration curves thus 
obtained, however, were nearly identical regardless of the origin 
of the saliva sample. The curve plotted from the average values 
for ten samples from ten individuals is shown on Fig. 3. 

In the case of more concentrated (1:2) saliva solutions, each 
titration curve was plotted from pH measurements on a number 
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of saliva samples from the same individual, but with different 
amounts of acid or alkali added. The procedure was as follows: 

Five men, aged 20 to 45 years, served as the subjects. The 
saliva was obtained at various hours between 9 a.m. and 9 p.m., 
but always at least 2 hours after the last meal. Moreover, the 
time of the day did not vary by more than 1 to 2 hours for a given 
subject. 

The sample was received in a cylindrical funnel which was cali- 
brated to deliver 2 cc. It was introduced, through the side tube 








TABLE I 
pH of Saliva on Addition of Acid and Alkali 
Amount of acid Difference between 
Acid or base added or base added to 2 cc. | pH (average values) maximum an 
saliva minimum values 
ce. 
0.1 n HCl 1.5 1.61 0.39 
1.0 1.93 0.21 
0.8 2.04 0.65 
0.6 2.32 0.67 
0.5 2.48 1.06 
0.4 3.11 2.51 
0.3 4.05 1.96 
0.25 4.36 2.35 
0.2 5.23 1.04 
0.1 5.94 0.79 
0.0 6.53 0.40 
0.1 n NaOH 0.05 7.23 0.71 
0.1 7.64 1.11 
0.15 8.21 0.71 
0.2 8.78 1.51 














of the mixing cell (Fig. 2), under a measured quantity of 0.1 N 
HCl or NaOH made up to 2 cc. with water. The cell contents 
were stirred, and a portion of the mixture forced up for pH meas- 
urement with the glass electrode. 

Whenever large amounts of precipitate formed on the addition 
of acid, measurements were made on two portions from the same 
sample; the first one consisting of clear liquid and the second con- 
taining as much as possible of the precipitate. Such duplicate 
measurements checked within 0.02 pH unit. 

The saliva samples differed markedly in their acid-neutralizing 
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power. The difference between the lowest and the highest pH 
reading obtained on the addition of a given amount of acid (or 
alkali) is found in the fourth column of Table I. The average 
values for each point on the titration curve are found in the third 
column. For the curve plotted from those values, one is referred 
to Fig. 3. 


DISCUSSION 


In beginning a general study of saliva, we were faced with the 
need for a rapid, precise, and reliable method of pH measurement. 
The ordinary colorimetric procedure involves dilution with water 
and the addition of a foreign substance (an indicator). Hence 
its usefulness is, at best, limited. Besides, the previously pub- 
lished results (1) by the colorimetric and electrometric (hydrogen 
electrode) methods do not check well enough to recommend either. 
From the experiments reported above, the MacInnes glass elec- 
trode would appear to be reliable to at least 0.02 pH unit. Read- 
ings made with two glass electrodes on the same saliva sample 
usually check within 0.01 pH unit. Some of the electrodes, made 
half a year ago, have since been used in more than 50 measure- 
ments each. The capillary quinhydrone electrode gave results 
reproducible to 1 millivolt only after considerable practice in its 
manipulation. It was very sensitive to temperature changes and, 
occasionally, to other influences which were less easy to trace. 

A series of measurements with the glass electrode of the pH of 
resting and paraffin-stimulated saliva at 37° gave results in ap- 
proximate agreement with the data found in the literature. The 
readings obtained with the resting and stimulated saliva form two 
well separated groups, the pH values of stimulated saliva being 
higher by an average of 0.5 unit. The range of variation within 
each group appears smaller than that previously reported, but it 
may possibly increase when additional subjects become available 
for study. 

None of the electrodes which we tested was suitable for use in 
a potentiometric titration of saliva. Each one of the titration 
curves was therefore plotted from pH readings on a series of sam- 
ples from the same subject, taken in a similar manner and, in so 
far as was known, under similar conditions. The data thus ob- 
tained permit certain conclusions regarding the behavior of saliva 
as a buffer. 
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If we assume the pH figures in Table I to represent, at least 
approximately, hydrogen ion activities, it will be seen that the 
acid-neutralizing power of saliva decreases markedly between pH 
4 and 2.5. On the alkaline side of pH 4, all but a very small 
fraction of the added hydrogen ion is removed by chemical com- 
bination; on the acid side of pH 2.5, more than half of the added 
hydrogen ion remains uncombined. 

This interpretation of the pH data is supported by results 
obtained by conductometric titration of saliva. Several samples 
of (1:3) saliva were titrated with 0.1 n HCl. The conductivity 
increase, at first very slight, became rapid and uniform beyond the 
point where sufficient acid had been added to obtain pH 4. One 
may thus conclude that the buffer range of saliva constituents 
lies, mainly, on the alkaline side of pH 4. Variations in the 
amounts of these substances would be reflected in relatively small 
pH changes of saliva as such. On the addition of acid, however, 
a point would be reached where individual variations of the buffer 
content of the sample would lead to large pH differences. Further 
addition of the acid would cause the titration curves of several 
samples again to approach each other. The figures in the fourth 
column of Table I (difference between maximum and minimum 
pH value for every point on the titration curve) demonstrate this 
effect. In comparing the acid-neutralizing power of several 
samples of resting saliva, one or two pH measurements on each 
sample will hence be sufficient provided that suitable amounts of 
acid have been previously added (for instance, 0.3 or 0.4 cc. of 0.1 
N HCl to 2 ce. of saliva). 

The ability of saliva to neutralize acids is thought by some to 
have an important bearing on the etiology of caries. Experiments 
designed to establish a definite relationship between caries sus- 
ceptibility and the pH and buffer action of saliva have led to con- 
tradictory conclusions. In so far as the lack of agreement among 
the investigators might be due to their methods of procedure, it 
is hoped that our results may, in part, contribute to useful knowl- 
edge in the field of caries research. 


A grateful acknowledgment is made of the advice given by Dr. 
Belcher, of the Rockefeller Institute, regarding the preparation of 
silver-silver chloride electrodes. The authors also wish to thank 
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members of the staff of the New York University College of Den- 
tistry and others who served as the subjects. 


SUMMARY 


The pH values of saliva obtained with the MacInnes glass elec- 
trode and capillary quinhydrone electrode differed by less than 0.02 
pH unit. The glass electrode gave more reproducible results and 
proved easier to handle than th: quinhydrone electrode. 

The average pH values of resting and stimulated saliva, meas- 
ured with the glass electrode at 37°, differed by 0.5 pH unit. 

Saliva acts as a buffer on the alkaline side of pH 4. 

Samples of resting saliva vary considerably in their acid-neu- 
tralizing power. 
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It is a rather curious fact that although d-cystine cannot be 
substituted for /-cystine in support of growth of animals on a 
cystine-deficient diet (1, 2), both d- and /-methionine can replace 
l-cystine equally well under these experimental conditions (3). 
Since we had found that homocystine could serve in lieu of either 
methionine or cystine in the promotion of growth of animals on a 
cystine-deficient diet (4), we became interested in the question of 
whether both optically active isomers of homocystine were physi- 
ologically effective as in the case of methionine or whether speci- 
ficity in regard to spatial configuration was involved as in the case 
of cystine. 

The homocystine that was used in those experiments was opti- 
cally inactive, for at that time only the optically inactive material 
was available. The resolution of homocystine, which has recently 
been reported from this laboratory (5), has now enabled us to 
study this question of the utilization of d- and /-homocystine. 

Such a study was of particular interest because of the significance 
that has been attached to the possibility that homocystine might 
be an intermediate compound in the metabolism of methionine 
(4, 6, 7) and that it might be involved in the metabolic relationship 
that unquestionably exists between methionine and cystine. 
Other aspects of this theory have already been discussed in con- 
siderable detail in a previous communication (8). 

If only l-homocystine were utilizable, serious doubts would be 
cast on the theory that homocystine represents the first step in 
the metabolism of methionine. According to this theory one 
would expect that both d- and l-methionine would be converted 
477 
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in the body to the corresponding homocystine, since, as stated 
above, both optical isomers of methionine are utilizable for growth 
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of rat shown on 
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Cuart I. Growth curves of rats on a cystine-deficient diet, supple- 
mented with /-cystine and d- and l-homocystine. Rats 235 and 237 were 
from Litter A; Rats 251 to 253 and 255 to 258, Litter B. 


























purposes. If this conception be correct, one would expect to find 
that both d- and l-homocystine were utilizable. 
As shown in Chart I in the experimental part of this paper, both 
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the dextro and the levo isomers of homocystine are able to support 
the growth of rats on a cystine-deficient diet. With the amounts 
of supplements which were ingested, and with this particular basal 
diet, no notable differences were observed in the rates of growth 
of the animals receiving d- and /-homocystine. 


EXPERIMENTAL 


Two litters of rats were used for the studies of the availability 
of homocystine for growth. The basal diet was of the same com- 
position as that employed in the study of the utilization of meso- 
cystine (2) and of pentocystine and homomethionine (8), and 
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consisted of: casein 6.0, dextrin 37.0, sucrose 15.0, lard 19.0, cod 
liver oil 5.0, salt mixture (Osborne and Mendel (9)) 4.0, agar 2.0, 
and milk vitamin concentrate (Supplee et al. (10)) 12.0. It was 
fed ad libitum and a record was kept of the food consumption. 
All the animals were placed on the basal diet for a fore period of 12 
days. At the end of this period, two dextrin pills containing 10 
mg. each of l-cystine were given daily to Rats 251 and 253. Two 
pills containing 11.2 mg. of l-homocystine, the equivalent in sulfur 
content of the -cystine supplement, were given daily to Rats 235 
and 257, and two pills of 11.2 mg. of d-homocystine were given 
daily as supplements to Rats 252 and 256. Three animals, Rats 
237, 255, and 258, were kept as controls on the basal diet alone, or 
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were given control dextrin pills in addition to the basal diet. After 
receiving the basal diet for 33 days Rat 255 was fed the d-homo- 
cystine-supplemented diet. 

After the first 3 days of the experimental period the rats refused 
the homocystine pills, so the supplements were incorporated in the 
basal diets. For the next period of 10 days the supplements were 
added to the diets to make final concentrations of 0.2 per cent of 
l-cystine and 0.223 per cent of each of the stereoisomers of homo- 
cystine. On the 13th day the concentration of these substances 
incorporated in the basal diets was increased to 0.3 per cent for 
Lcystine and 0.335 per cent for both d- and l-homocystine. The 
average daily food consumption for each animal is given in Table 
I, and Chart I presents the growth curves. 


SUMMARY 


The present investigation has demonstrated that both d- and 
l-homocystine can be utilized for growth purposes by animals on a 
cystine-deficient diet. This behavior of homocystine with respect 
to spatial configuration is similar to that of methionine but in 
contrast to that of cystine. This similarity of homocystine to 
methionine in the equal availability of its optical enantiomorphs 
for growth purposes strengthens the conception of the interrela- 
tionship in metabolism of homocystine and methionine as discussed 
above. 
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CALCIUM AND AMMONIUM EXCRETION IN THE URINE 
OF RABBITS 


By MILAN A. LOGAN 


(From the Biochemical Laboratory, Harvard Medical School, and the Forsyth 
Dental Infirmary, Boston) 


(Received for publication, February 9, 1935) 


In response to the administration of acid, a definite increase in 
the ammonium excretion in the urine of most experimental animals 
is observed (1-4). The rabbit is a notable exception in this re- 
spect, as is evident from the data of Winterberg’s experiments (5). 
It was usual in Winterberg’s experiments, and in those reported 
here, to find that in response to acid or ammonium chloride admini- 
stration, ammonia did not begin to increase appreciably in the 
urine until 3 or 4 days before the death of the animal, regardless 
of the length of the experiment or the severity of the acidosis. 

Administration of acid to cats (6, 7) results in an increase in the 
urine of ammonia and fixed base from soft tissue, but almost no 
increase of calcium excretion.! 

The experiments of Steenbock, Nelson, and Hart (3) and of 
Lamb and Evvard (4) on cows and pigs indicated that the calcium 
of the urine increased with large doses of acid. In comparison 
to ammonia, it played a minor réle in neutralization of the acid 
excreted. Because the animals were fed, it is impossible to tell 
from their experiments how much, if any, of the calcium increase 
of the urine was due to increased absorption from the intestinal 
tract. More recently, balance experiments by Hart, Steenbock, 
and Kline (8) indicate that increased absorption from the intestines 
does not account for the increased excretion of calcium in the urine 
resulting from administration of acid to cows. 


1 That the calcium does not appreciably increase, was confirmed as fol- 
lows: 30, 45, and 70 cc. of 0.1 n hydrochloric acid per kilo per day respec- 
tively were given by stomach tube to each of three fasting cats. The first 
showed no rise of urinary calcium in a week. The second and third in- 
creased 1 mg. of calcium perday. Thethird cat died in coma on the 4th day. 
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Man, during the course of prolonged fasts (9-11), excretes in the 
urine about 5 times as much calcium as is to be expected from the 
catabolism of his soft tissues. The ammonia excreted simul- 
taneously is sufficient to neutralize 12 to 14 times the amount of 
acid neutralized by the calcium. 

The experiments recorded here show that during the course of 
a fast, the urinary calcium of rabbits progressively increases, and 
on increasing the acid excretion by administration of ammonium 











TasBie I 
Urinary Calcium Excretion of Fasting Rabbits 
Day of Rabbit 9, 1.49 kilos | Rabbit 11, 1.90 kilos} Rabbit 12,170 | Rabbit 2, 1.97 
ast 
pH Ca pH Ca pH Ca pH Ca 
mg. mg. mg. mg. 
1 2.05 6.2 0.26 6.8 0.72 | 6.6 2.4 
2 4.55 6.0 0.83 5.4 5.9* | 6.4 8.0* 
3 11.8 5.4 5.8 5.2 | 17.4* | 6.0 | 37.8* 
4 6.4 12.6 4.9 7.8f 5.1 | 46.7* | 5.0 | 31.2 
5 5.6 15.3 4.9 8.5T 5.0 | 83.0 
6 5.1 19.0 4.9 6.2* 5.2 | 57.6 
7 16.0§ 4.9 21.2 5.2 | 41.2f 
8 5.6 3.3) | 5.1 | 5.359 





























The ammonia excretion per day expressed as mg. of NH;-N varied as 
follows: 5.2 to 7.26 (Rabbit 9), 1.5 to 3.5 (Rabbit 11), 1.4 to 3.6 (Rabbit 12). 

* 20 cc. of 0.1 n NH,Cl were administered (per os). 

¢ 40 cc. of 0.1 Nn NH,Cl were administered (per os). 

t 44 cc. of 0.1 n Na,CO; were administered (subcutaneously). 

§ 40 cc. of 0.1 nw NaHCO; were administered (per os). 

|| 60 cc. of 0.1 n NaHCO, were administered (per os). 

{ 46 cc. of 0.1 N Na,CO; were administered (subcutaneously). 


chloride, the calcium of the urine is so far increased as to leave little 
doubt that part is derived from the skeletal structures. 


Procedure 


The animals were confined in metabolism cages. Ammonium 
chloride was administered in 0.2 N solution (not more than 20 cc. 
at any one time) by means of a small catheter used as a stomach 
tube. The pipette and catheter were washed down with not more 
than 5 ce. of water. Intervals of at least 4 hours were maintained 
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between repetitions of the dose. Distilled water was kept in the 
cages in receptacles firmly attached to the bottom. 

Before removing the animals from the cages to give them the 
ammonium chloride, as well as at the end of each day, the bladder 
was emptied by pressure. Chloroform was kept in the collecting 
bottles, and each sample was placed in the refrigerator imme- 
diately and kept there until the end of the day, at which time the 
ammonia and pH determinations were made without delay. 

Calcium was determined by the method of Fiske and Logan (12) ; 
inorganic phosphorus by the method of Fiske and Subbarow (13) ; 
ammonia by aerating 10 to 30 cc. for 2 hours, after adding solid 
sodium carbonate and sodium chloride, and by Nesslerization accord- 
ing to the Folin method for urine (14); total sulfur by the Fiske 
method (15); and pH colorimetrically by comparison with phthal- 
ate and phosphate buffers made according to Clark (16) of samples 
diluted 1:10 with distilled water. The recorded pH is that 
obtained after the CaHPO,-2H,0 crystals, present in the urine, 
had apparently dissolved as a consequence of the dilution. (See 
below.) 


DISCUSSION 


In collecting urine from cats, it is advantageous to give a large 
amount of water near the end of each metabolism period to insure 
that the final sample of urine will be dilute. This procedure was 
dispensed with after it had caused the termination of several 
experiments on rabbits. Ammonium chloride instead of the free 
acid was chosen for the same reason. During an extended fast, 
rabbits apparently do not tolerate well either acid or large volumes 
of water in their stomachs.” 

The samples of urine which contained 1 or 2 mg. of calcium were 
clear when passed. As the calcium increased, the urines became 
progressively more turbid when passed, due to the presence of 
CaHPO,-2H,0 crystals. These two factors combined to make 
the separation of 1 day’s output from the next less accurate than 
can sometimes be attained with cats; but because the bladder was 
emptied by pressure several times each day, the amount carried 
over to the next day would probably not represent more than 5 to 
10 per cent of the daily output. 


? Rabbits withstand fasting less than 2 weeks ordinarily. 
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TaBLe II 
Urinary Excretion of Fasting Rabbit 15 to Which NH,Cl Was Administered 
Weight, 1.750 kilos at start; 1.285 kilos at end of experiment. 
































Day of | Urine | pH | Totals | Crest | NHeN | ln] Ca Nici 

ce. mg. mg. mg. mg. mg. ce. 

1 222 6.8 | 48.0 | 89.5 110 1.3 

2* 222 6.4 53.2 100 178 7.2 

3 222 6.4 53.3 | 101 178 7.3 
4 338 5.6 43.4 64.1 3.4 94 9.8 60 
5 260 5.2 54.1 84.0 2.6 | 128 23.9 60 
6 103 5.0 61.4 78.0 2.75 | 135 60.0 60 
7 105 5.0 57.1 65.7 3.84 | 112 72.3 60 
8 130 5.1 54.8 68.0 5.75 | 111 87.8 60 
9 150 5.1 54.1 63.8 5.9 | 103 103.6 80 
10 99 5.0 58.1 64.4 6.7 | 129 147 80 
11 130 5.0 73.1 73.4 | 19.5 | 149 191 120 
12 114f 5.6 54.3 45.7 | 34 70.3 | 94.9] 120 








*The amounts of urine excreted during the 2nd and 3rd days were 


analyzed together. 
+ Urine for about 18 hours. 


day. 


TaBLe III 


The rabbit died before the end of the 12th 


Urinary Excretion of Fasting Rabbit 19 to Which NH,Cl Was Administered 
Weight, 1.880 kilos at start; 1.350 kilos at end of experiment. 
































Day of | Urine | pH | Totals | Creath | wen | Jor) Ce Nit 
per 08) 
ce. mg mg. mg mg. mg ce. 
1 29 6.4 27.1 38 62.7 0.18 
2 52 6.4 45.2 88 83.1 0.60 
3 54 5.8 35.0 77.5 | 2.8 94.2; 13.6) 40 
4 138 6.0 48.2 146 6.9 | 149 42.5| 80 
5 81 5.0 29.2 96 4.9 | 101 78.8 | 80 
6 127 5.0 31.5 102 2.96 | 104 112 80 
7 70 5.1 29.6 93 3.2 | 103 113 80 
8 65 5.0 31.2 86.5 | 5.61 | 117 129 100 
9 90 5.1 43.4 105 15.3 | 105 166 100 
10 78 5.3 33.8 81.6 | 17.4 60 105 100 
11 40* 
12 60t 18.7 





* Diarrhea, urine contaminated. 
t Diarrhea, urine dark, probably contaminated. 
end of the 12th day. 


The rabbit died at the 
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Creatinine and total nitrogen determinations (or total sulfur 
when ammonium chloride was administered) were performed to 
detect possible changes in the rate of tissue catabolism which 
might conceivably have a bearing on the rate of calcium excretion. 
From the rate of excretion of these products, no marked change in 
the rate of catabolism was indicated during the course of the experi- 
ments, so to conserve space, the creatinine and sulfur determina- 
tions are given only for Rabbits 15 and 19. 

Previous to the tests, Rabbits 2 and 11 were fed 5 and 3 days 
respectively on corn and apples (ad libitum). The others had 
previously subsisted on green food and grains (ad libitum). If they 
had previously eaten a food of high acid value, it would not have 
been surprising to find an excretion of considerable calcium on the 
lst day of the fast. None was encountered, owing no doubt to 
the fact that rabbits do not by choice consume an acidotic diet. 


Results 


In response to the excretion of acid products derived only from 
the use of their own body tissues, the urinary calcium of two rab- 
bits increased progressively from 0.97 and 2.05 mg. of calcium on 
the 1st day, to 15.1 and 19.0 mg. on the 7th and 6th days respec- 
tively. 

The results of three fasts (4 to 8 days duration), during which 
small amounts (40 to 100 cc. of 0.1 N ammonium chloride) were 
administered, indicated an individual difference with regard to 
the promptness with which urinary calcium excretion increased in 
response to ammonium chloride administration. Rabbit 11 
reacted by excreting highly acid urine (pH 4.9) for 3 days before 
the calcium rose to 21_mg. per day. With Rabbits 2 and 12, the 
calcium excretion was-37.8 and 46.7 mg. per day respectively 
before the urine reached pH 5.0. Administration of sodium bicar- 
bonate per os (Rabbit 9) or sodium carbonate subcutaneously 
(Rabbits 11 and 12) decreased calcium excretion. Administration 
of base could not, however, be continued for sufficient time to 
cause a decrease of the calcium to its original level. 

The influence of ammonium chloride administration on the 
urinary calcium excretion is more clearly indicated with longer 
fasts and greater ammonium chloride administration. Rabbits 
15 and 19 were fasted 12 days, during which a total of 700 cc. of 
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0.1 N ammonium chloride was given to each. In the first case the 
calcium increased progressively from 1.3 mg. on the Ist day to 
191 mg. on the 11th. In the second case, the increase was from 
0.18 mg. on the Ist day to 166 mg. on the 9th. The total amounts 
of calcium excreted during the periods were 806.1 mg. of calcium 
(Rabbit 15), and 760.7 mg. of calcium (Rabbit 19) (403 and 381 
ec. of 0.1 N calcium, respectively). 

This is at least 10 times the amount to be expected from soft 
tissues as estimated from the loss in weight, or 3 times as much as 
would be expected to be contained in the soft tissue in the begin- 
ning of the experiment. The results give no indication that phos- 
phate excretion was simultaneously increased. The inorganic 
phosphate in rabbit bone is stoichiometrically equivalent to 90 to 
95 per cent of the calcium. If the phosphate excretion had been 
increased to correspond with the phosphate content of bone, an 
extra 50 mg. of phosphorus or more could have been expected near 
the end of these experiments. The ammonia excretion was in- 
significant (2.6 to 6.9 mg. of NH;-N) until 4 days before the death 
of one rabbit, and 2 days in the case of the other. On the 11th 
day, with Rabbit 15, and on the 10th day with Rabbit 19, the acid 
neutralized by ammonia was respectively 14.6 and 23.6 per cent 
of that neutralized by calcium (approximately 7 and 12 per cent of 
the total). No attempt is made from these experiments to make 
an accurate comparison between quantity of calcium excreted and 
quantity of acid eliminated, because it is assumed (a priori) from 
experience with other animals (6) that the amount of fixed base 
from soft tissues available for neutralizing urinary acidity is 
variable. The urinary calcium then could be expected to com- 
prise varying quantities of the total base of the urine just as 
ammonia comprises varying quantities of the total base during 
short periods of acid régime with those animals which use ammonia 
primarily to neutralize urinary acidity. The case with urinary 
calcium excretion in rabbits has the additional complication that 
a variable supply of calcium (from bone) may be available. Near 
the end of the experiments with Rabbits 15 and 19, approximately 
50 per cent of the total acid was neutralized by calcium. 

It is evident that cats and rabbits represent opposite extremes 
in regard to the excretion of calcium in the urine in response to the 
administration of acid. It appears not unreasonable to suggest 
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e that the continued excretion of calcium and ammonia in the urine 
0 of man during fasting indicates that he represents an intermediate 
m type. 

is 

" SUMMARY 

1 The urinary calcium of fasting rabbits, unlike that of cats, 


increases in response to excretion of acid in the urine. 
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New York, and Scarborough-on-Hudson, New York) 


(Received for publication, February 19, 1935) 


The object of the following communication is to describe a 
product isolated from liver extract which appears to possess inter- 
est partly on account of its chemical make-up and partly on ac- 
count of its relationship to the constituents in liver which Minot 
and his coworkers have shown to be effective in causing blood 
regeneration in pernicious anemia. It may at once be emphasized 
that the material to be described has not been crystallized and such 
crystalline derivatives as have been obtained are of little value in 
establishing strict chemical individuality; in fact, the available 
evidence is against the view that we are dealing with a single sub- 
stance. On the other hand, relative constancy of composition, 
the isolation of crystalline products of hydrolysis, and the apparent 
fact that clinical potency is consistently associated with the com- 
pound and is absent from preparations in which it has been either 
removed or chemically altered, would seem to justify its claim to 
consideration. se" 

Progress in the chémical investigation of the hematopoietic 
substance or substances in liver has been curiously slow and dis- 
couraging. Two reasons are largely responsible for this: first, 
that bitter experience has shown that most of the chemical methods 
of choice result in inactivation of the product, and, secondly, the 
great scarcity of suitable clinical cases essential for testing the 
activity of isolated products. For these reasons it seemed wise to 
record our results at the present time, leaving obvious extensions 
of the work to the future and so to give other workers an early 
opportunity to test the validity of our conclusions. Our observa- 
489 
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tions, moreover, give obvious indications of improved methods 
of preparation of material for routine clinical use. 

The isolation of the substances dealt with in this paper depends 
essentially on the following considerations. First of all, it was 
found that the clinically active material in liver extract was com- 
pletely, or nearly so, precipitable by Reinecke salt in acid solution. 
If an amount of roughly purified liver extract equivalent to two 
clinical doses is precipitated by this reagent, the filtrate is com- 
pletely clinically inactive, while the precipitate on regeneration is 
fully active (Cases 392148, 364172). The decomposition of the 
Reineckate precipitate presented a problem requiring special 
methods which we believe to be solved successfully. The use of 
metallic salts was excluded, since these resulted in clinical inactiva- 
tion, while the direct use of solvents was found impracticable on 
any considerable scale and involved serious losses of material. 
The separation of the bulk of the Reinecke acid from a weak alco- 
holic solution of the precipitate as the sparingly soluble salt of a 
tertiary base such as dimethylaniline gave satisfactory results, as 
described in the experimental portion of this paper. The small 
amount of unprecipitated Reinecke acid was removed with solvents 
such as amyl alcohol. It will be noted that these procedures are 
carried out in virtually neutral solution, a consideration of great 
importance. Next it was found that a great deal of preliminary 
purification of commercial liver extract could be effected by pre- 
cipitation with calcium acetate or chloride in 75 to 80 per cent 
alcoholic solution. The bulk of the clinically active material was 
found in the filtrate, while the precipitate on regeneration gave 
considerable amounts of material precipitable by Reinecke acid 
which was clinically inactive (Case 415857). It was clear there- 
fore that a preliminary purification with the aid of calcium acetate 
was a desirable step to incorporate prior to precipitation of the 
potent material with Reinecke acid. 

At this point it may be well to emphasize the significance at- 
tached in this paper to the terms “active” and “inactive” as 
applied to clinical tests. Having learned by experience that 100 
mg. or less of a suitably purified product were capable of producing 
a maximum reticulocyte response under favorable clinical condi- 
tions, we have regarded as “inactive” products which gave no 
significant change in reticulocytes when given to a suitable case 
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in doses of 100 mg. or more. It will be seen therefore that the 
term “inactive” does not mean of necessity that the material was 
quantitatively free of active substance but rather that in doses of 
100 mg. or more the proportion of active material was too small 
to produce demonstrable blood changes. 

The clinically potent material recovered by precipitation with 
Reinecke acid after removal of substances precipitable with alco- 
holic calcium acetate was separated by means of strong alcohol 
from certain well known tissue components such as choline and 
traces of creatinine. The amount of purification that could be 
thus effected was limited and better success lay in other directions. 
It was found that the product could easily be separated into two 
fractions, one precipitable from neutral or feebly acid aqueous 
solution by saturation with ammonium sulfate and the other 
remaining in the filtrate. The material precipitable by ammonium 
sulfate contained the clinically active material (Case 417195), while 
comparable amounts of the substances in the filtrate were inactive 
(Case 417195). It was found that the material precipitated by 
ammonium sulfate could be redissolved in water and again precipi- 
tated with ammonium sulfate, and the whole process repeated 
several times without loss of potency (Cases 356184, 316263, 
419573, 423439). It should be stated at this point that incentive 
to use ammonium sulfate for the present purpose is really due 
to Dr. F. H. Carr who several years ago expressed to one of us 
(H. D. D.) his belief that the clinically active material in liver was 
precipitable by this salt in strongly acid solution. 

The further purification of the product salted out by ammonium 
sulfate presents serious difficulties. Precipitation as gold or silver 
salts resulted in complete inactivation as previous experience 
would lead us to expect. -Precipitation with picric acid gave an 
oily picrate which was clinically active (Case B. H.) but very little 
chemical separation was effected by this reagent. Flavianic acid 
(2 ,4-dinitro-1-naphthol-7-sulfonic acid) precipitated between 65 
and 75 per cent of the product in the form of an oily substance 
which apparently was somewhat unstable. This procedure 
resulted in very definite chemical separation, for the material 
recovered from the filtrate was completely inactive clinically and 
was chemically sharply different from the material in the precipi- 
tate. Thus, on hydrolysis of the material from the filtrate hexone 
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bases were virtually absent. Unfortunately the recovery un- 
changed of the active material from the flavianic acid precipitates 
is not an easy matter and ordinarily requires decomposition with a 
concentration of mineral acid, which is decidedly disadvantageous. 
There is no question, however, of the clinical activity of the ma- 
terial precipitated by flavianic acid as shown by Case 76032. 80 
mg. of material from the flavianic acid filtrate gave practically no 
response. Attempts to devise more gentle methods of decom- 
posing the flavianate have not proved entirely successful. Fur- 
thermore, we have observed the fact that flavianic acid is a very 
imperfect precipitant for the active material unless the latter has 
been subjected to extensive prior purification. In view of these 
findings we abandoned the use of flavianiec acid. 

More encouraging results were obtained following the observa- 
tion that the material salted out by ammonium sulfate could be 
fractionated by the use of magnesium sulfate. A much higher 
concentration of the latter salt is necessary for “‘salting out’”’ than 
with ammonium sulfate. On taking the material that has already 
been precipitated once or twice by ammonium sulfate, it was found 
that about 75 per cent was precipitable on complete saturation 
with magnesium sulfate; while on repeating the process by dissolv- 
ing in water and again saturating with magnesium sulfate, only 
about 3 per cent was found in the mother liquor, thus indicating a 
definite separation of the components of the original product. As 
will be seen later, some definite differences are observable in the 
products of hydrolysis of the products soluble and insoluble in 
magnesium sulfate solution respectively. 

On recovering the material repeatedly precipitated by mag- 
nesium sulfate and removing inorganic salts by appropriate 
methods indicated in the experimental section of this paper, it was 
found that the product was consistently clinically active (Cases 
297466, 81298, 71632, 237059, 382735). It will be noted that in 
two cases 30 mg. and 50 mg. gave a barely perceptible rise in the 
reticulocyte count, while 80 mg. gave a maximal response. This 
material at the present time represents our most highly purified 
clinically active product. On the other hand, the material in the 
magnesium sulfate mother liquors was separated from the bulk of 
inorganic salts by means of alcohol, and the solution concentrated 
to remove alcohol and again precipitated with Reinecke salt. On 
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decomposing the Reineckate, the product, which is undoubtedly 
a mixture, was found to have some slight but definite clinical 
activity (Cases 426486, 382735). Whether this result is due to 
incomplete separation of the magnesium sulfate-precipitable 
material or to the presence of other active products cannot at 
present be assumed definitely, though the probability or even 
certainty of the magnesium sulfate filtrates containing some of the 
active material, the bulk of which is precipitable by magnesium 
sulfate, cannot be questioned. Since the above was written, we 
have succeeded in further fractionating the (NH,)2SO, and MgSO, 
preparations with the aid of sodium chloride. We find that about 
43 per cent of the material may be separated by salting out in 
essentially neutral saturated solution, while an additional 50 per 
cent is precipitated from the filtrate on adding hydrochloric acid 
to 0.2 N concentration. In each case, the precipitations were 
repeated under similar conditions. A small residue, about 7 per 
cent, remained in the filtrate and is recoverable with ammonium 
sulfate. The composition and specific rotation of these “neutral 
sodium chloride” and “acid sodium chloride” preparations are 
very similar to each other and to the material from which they 
are prepared. We have been able to test clinically the neutral 
salt preparation and have obtained a good reticulocyte response 
(Case 442154). A single clinical test of the “acid sodium chlo- 
ride” fraction (180 mg.) showed definite activity though the re- 
sponse was not maximal. The red blood cells rose from 1.7 to 
2.4 millions and the reticulocytes rose from 1 to 16 per cent. 
A decision as to whether, as appears possible, the neutral salt 
fraction is actually more potent than the acid salt fraction must 
await opportunity for further clinical tests. 

The general scheme of separation, omitting details, is summar- 
ized in the following diagram. 

The clinically potent products prepared as above indicated were 
obtained as light buff-colored granular powders after precipita- 
tion, first of all, with alcohol and ether and later with absolute 
alcohol. They are all extremely soluble in water, have a neutral 
reaction to litmus, and are soluble in dilute alcohol. 

On hydrolyzing the relatively crude material salted out once 
with ammonium sulfate, convincing evidence was obtained of the 
presence of the following compounds: an aminohexose, histidine, 
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Commercial Jiver extract 


Precipitation with calcium acetate 
in 75% alcohol 


Filtrate Precipitate 


Remove Ca and alcohol, ppt. with Reinecke Dissolve in water, remove Ca, ppt. 
acid, and regenerate. (Clinically active) with Reinecke acid, and regenerate 
(Clinically inactive) 


Salt out with ammonium sulfate, repeating 
process several times 





Precipitate Filtrate 
Remove salts with alcohol and barium Remove salts and ppt. with Reinecke 
acetate, alcohol, etc. (Clinically acid. (Clinically inactive both before 
active) and after Reineckate separation) 


Dissolve ppt. in water 





Salt out repeatedly with MgSO, Ppt. as picrate Ppt. with flavianic 
| (Clinically active) acid 
[ oN 
Precipitate — Filtrate Precipitate F iltrate 
Remove salts as above Remove salts and ppt. (Clinically (Clinically 
(Clinically active) with Reinecke acid, and active) inactive) 
regenerate. (Clinically 
active) 


Salt out repeatedly with NaCl 





| 
Neutral NaCl ppt. Acid NaCl p 
(Clinically astive) (Clinically WP tive) 


arginine, lysine, aspartic, glutamic, and other dibasic amino acids, 
hydroxyproline, leucine, glycine, and possibly traces of phenyl- 
alanine and proline. The phenylalanine and proline, which 
are only present in quite small amount, disappear in the later 
stages of purification, while in the best purified product obtained - 
by repeated salting out with magnesium sulfate the histidine is 
reduced to less than 0.1 per cent and the amount of glutamic acid 
is so slight that it could not be separated either as hydrochloride 
or zine salt. The amount of glycine is also apparently diminished. 
By the use of methods partly based on actual separations and 
partly by analytical procedures which will be referred to in the 
experimental section we believe that the yield of products of hydrol- 
ysis of our best purified preparations is approximately as follows: 
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histidine trace, less than 0.1 per cent, arginine 14 per cent, lysine 
5 per cent, leucine 15 per cent, hydroxyproline 10 to 14 per cent, a 
monoaminodicarboxylic acid fraction separated as calcium salts, 41 
to 45 per cent, of which almost half can be isolated as aspartic 
acid, while glycine approximates 5 per cent. The amount of 
aminohexose we believe to be at least 15 per cent, based on colori- 
metric and other estimations but not on actual isolation. The 
following tabulation gives some idea of the composition of four of 
the clinically active products referred to. 


Product I. This represents products purified through alcoholic calcium 
acetate, one or more precipitations with Reinecke acid, and repeated salt- 
ing out with ammonium sulfate. 

Product II. Represents the products obtained from Product I by re- 
peated salting out with magnesium sulfate. 

Product III. Represents the material recovered from the magnesium 
sulfate filtrates. 

Product IV. Represents the product obtained from Product I by pre- 
cipitation with flavianic acid. 




















Product No............ I II Ill IV 
FEE 49 .8-50.3 50.0-51.4 49.9-50.5) 49.4 
Hydrogen........ 7.2- 7.4 7.0- 7.2 7.3 7.0 
Nitrogen......... 14.6-15.0 15.2-15.4 15.7 15.1 
NH:-N (Van . 

eee 0.7- 0.9 0.4- 0.5 0.5- 0.6) 0.8 
NH.-N after hy- 

drolysis........ 10.0-10.2 10.6-10.8 10.6-10.9 9.8-10.1 
Specific rotation, 

Sg BE —88 to —94/| —95 to —106 |—101 —78 to —85 





An inspection of the above figures shows an approximation to 
constancy of composition which is perhaps more apparent than 
real. It is noteworthy that Product II, which we are inclined to 
regard with most favor, shows the lowest amino nitrogen before 
hydrolysis and the highest specific rotation. In the subsequent 
discussion it is assumed, unless otherwise stated, that the sub- 
stance referred to is of similar origin and preparation. 

The yield of material from commercial liver extract is approxi- 
mately as follows: After preliminary purification as described, the 
crude Reinecke acid precipitate gives about 2 to 2.5 per cent yield 
of substance, of which about half (1 to 1.25 per cent) is salted out 
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by ammonium sulfate. Of this latter product, about three-quar- 
ters (0.75 to 0.9 per cent) may be recovered either as flavianate or 
by salting out repeatedly with magnesium sulfate. The actual 
amount present is naturally materially greater. 

In spite of the variety of amino acids obtained on hydrolysis, 
the substance does not give a typical biuret reaction. On adding 
dilute copper sulfate to a solution made alkaline with sodium 
hydroxide in the ordinary way, a yellow color suggestive of reduc- 
tion is obtained and on prolonged boiling a little cuprous oxide 
may settle out. If the order is reversed and copper sulfate is 
added first, a green color is produced which turns yellowish red on 
adding sodium hydroxide. If, however, a relatively large excess 
of copper sulfate is added to a very dilute solution of the substance, 
a feeble biuret reaction may be observed on adding sodium hydrox- 
ide and the color increases somewhat on standing. The cause of 
the abnormal reaction is probably connected with the presence of 
glucosamine. If the substance is heated for half an hour on the 
steam bath with normal sulfuric acid, the sulfuric acid then re- 
moved with barium carbonate, and the filtrate evaporated to 
dryness and extracted with hot alcohol, it will be found that the 
residue gives a moderate biuret reaction. Ammoniacal silver 
solutions are slowly reduced on boiling; while after preliminary 
heating for a few minutes with dilute mineral acid, both ammonia- 
cal silver and Fehling’s solution are freely reduced. 

While it is naturally unsafe to assert the absence of other amino 
acids than those previously enumerated in the complicated mixture 
resulting from hydrolysis, yet repeated examination has so far 
failed to reveal other substances. The complete absence of pyri- 
midine, and purine bases, and of pentoses and desoxyglucose was 
repeatedly established. The substance does, however, give a 
definite though not intense Molisch reaction with a-naphthol, and 
at first this was a source of anxiety as a possible indication of some 
other sugar complex than glucosamine. However, it was found 
that glycylglucosamine, alanylglucosamine anhydride, as well as 
partially hydrolyzed chitin, all gave good positive Molisch reac- 
tions, even though glucosamine itself gives no reaction, while N- 
acetylglucosamine gives a bare suggestion of a positive reaction. 
The positive Molisch reaction in the substance from liver is there- 
fore not surprising. The aminohexose complex in our substance is 
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not acetylated, for it yields no acetic acid on hydrolysis, nor does 
it give the dimethylaminobenzaldehyde reaction for acetylglu- 
cosamine. Certain decomposition products, particularly those 
derived by inactivation with alkali, may give the dimethylamino- 
benzaldehyde reaction for acetylglucosamine, but we have good 
reason to believe that this reaction is in no sense specific. The 
absence of sugar groupings other than those of the aminohexose 
type is indicated by negative reactions with phloroglucinol and 
naphthoresorcinol and the fact that only a bare trace of color is 
developed with the Tillmans-Philippi (1) reaction with orcinol and 
sulfuric acid or the similar reaction of Dische and Popper with 
indole and sulfuric acid. These tests are extraordinarily delicate 
and give a strong color reaction with the greatest variety of car- 
bohydrates and allied substances other than glucosamine. The 
absence of carbohydrate groupings other than an aminohexose is 
of special importance in view of the fact that up to the present we 
have not been able to isolate a satisfactory specimen of glucosamine 
hydrochloride in spite of a number of attempts with various 
methods. The evidence for glucosamine is therefore of an indirect 
kind, and would apply equally well to isoglucosamine or fructose- 
azine. It is based, first of all, on the easy formation of remark- 
ably pure phenylglucosazone when the substance is heated on the 
steam bath with phenylhydrazine in 5 per cent acetic acid. Chon- 
drosamine, isomeric with glucosamine, gives the osazone of galac- 
tose under similar conditions, which is easily distinguished from 
glucosazone by lower melting point and differing solubility. 
Secondly, if the substance is partially hydrolyzed with n hydro- 
chloric acid and then warmed with acetylacetone in alkaline 
solution according to the method developed recently by Elson and 
Morgan (2) for the quantitative estimation of glucosamine, pyrrole 
derivatives are formed which can be estimated colorimetrically 
with p-dimethylaminobenzaldehyde. Lastly, we have observed 
that glucosamine yields about 90 per cent of its nitrogen as am- 
monia on distillation with dilute sodium hydroxide, so that by 
estimating the total yield of ammonia on distilling our substance 
with alkali and making suitable correction for the ammonia deriv- 
able from arginine, it was possible to get an indirect estimation of 
glucosamine which checked reasonably well with the colorimetric 
estimation. (It may be noted in passing that Ledderhose regarded 
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the formation of ammonia from glucosamine on boiling with alkali 
as quantitative. We find that N-acetylglucosamine under similar 
conditions yields only about 30 per cent of its nitrogen in the form 
of ammonia.) 

The form in which the aminohexose is present in our substance 
offers a number of possibilities. At least three different types of 
glucosamine-amino acid linkage require consideration. In the 
first place, there is the simplest type of combination, such as 
glycyl-d-glucosamine (Formula I) only recently synthesized by 
Bergmann and Zervas (3) with the aid of their elegant carbobenz- 
oxy method. These compounds it will be noted give an intense 
biuret reaction, reduce Fehling’s solution readily without previous 
hydrolysis, and contain half of their nitrogen in the amino form. 
Secondly, there are the anhydrides of these compounds, first 
obtained by Weizmann and Hopgood (4) and later studied by 
Bertho, Hélder, Meiser, and Hiither (5), which contain no amino 
nitrogen, reduce Fehling’s solution only slowly, and according to 
our own observations give no typical biuret reaction but rather a 
greenish yellow color similar to that given by the compound from 
liver. Lastly, there is the hypothetical suggestion of Irvine and 
Hynd (6), based on their syntheses of aminoglucosides, that glu- 
cosamine derivatives of a betaine type may exist in glucoproteins 
in which aminoacyl groups or short peptide chains may occupy 
the amino position and possibly all the hydroxyl positions with 
the exception of the glucosidic group (Formula II). Compounds 
of this type would naturally contain many free amino groups and 
few free hydroxyl groups. 
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The fact that the compound from liver does not give a typical 
biuret reaction and contains remarkably little amino nitrogen, the 
whole of which may be referred to the terminal e-amino of the 
lysine group, and the apparent absence of any reducing (aldehyde) 
group, together with the presence of many hydroxyl groups ca- 
pable of acetylation or benzoylation would seem to exclude the first 
and third types of glucosamine peptide and make the anhydride 
type of linkage the more probable one. Whether the aminohexose 
groups in our substance are united in polysaccharide form, such as 
the chitobiose obtained from chitin by Bergmann, Zervas, and 
Silberkweit (7), remains unsolved. Preliminary experiments on 
the “‘acetolysis” of the substance have given unsatisfactory results, 
for, while an acetylated compound readily soluble in chloroform is 
obtained, there are still amino acid groups attached to the glucos- 
amine skeleton. The fact that our substance is not precipitated 
by trichloroacetic acid, ferrocyanic acid, or rufianic acid but is 
precipitated by tannic acid would tend to allocate the compound 
rather to the peptone than the albumose group. On the other 
hand, its easy separation on salting out with ammonium sulfate 
might be regarded according to convention as indicative of an 
albumose character, but, since synthetic peptides are known con- 
taining only three or four amino acids which can be salted out, it 
would seem that the distinction is a purely arbitrary one. On 
boiling with sodium carbonate and picric acid according to the 
Abderhalden procedure, a fine red color is produced which might 
be taken as indicative of diketopiperazine groups, but, since glucos- 
amine gives precisely the same reaction, it would seem that the 
test is without value in the present circumstances. All of our 
preparations, even when virtually free from histidine, give a posi- 
tive orange-red diazo Pauly reaction. We believe this to be 
associated with the aminohexose grouping. For, while pure gly- 
cylglucosamine hydrochloride gives no reaction, it gives a positive 
test if previously evaporated with barium carbonate. Alanyl- 
glucosamine anhydride also gives a positive reaction. 

Brief reference may be made as to the possible molecular weight 
of our product. It will be recalled that Fischer found that the 
eryoscopic method gave good results with the simpler peptides, 
while for tetra- and hexapeptides the results were only about 20 
per cent too low. On the other hand, leucylhexaglycylglycine 
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gave “‘schwankende und ganz unwahrscheinliche Werte.’’ Three 
preparations corresponding to those previously designated as Pro- 
ducts I, II, and IV gave the following results. 

















Preparation No. Cc A Mol. wt. 
I 5.0 0.200 475 
I 5.0 0.215 442 
II 6.0 0.230 496 
IV 6.0 0.223 511 





Preparation IV was practically ash-free, while the other specimens 
contained about 0.5 per cent of inorganic impurities. It is obvious 
that these results must be far too low for a substance which could 
yield the variety of products of hydrolysis that we have identified. 
In discarding these observations it may be recalled that Paal and 
also Ciamician and Zanetti obtained by this method equally im- 
probably low results for a variety of albumoses and peptones, and 
Goto’s estimation of the molecular weight of protone from prota- 
mine, namely 423, is equally improbable. 

A much higher estimate of the molecular weight may be derived 
from observations on the titratable acidity of our products in 80 
per cent alcohol with phenolphthalein as indicator. It was found 
that 1 cc. of N sodium hydroxide was equivalent to 1.10, 1.53, 1.43, 
and 1.66 gm. respectively of the four products previously referred 
to. This corresponds to an average molecular weight of some 
multiple of 1430, according to whether one or more carboxyl group 
is present in the molecule. The addition of formaldehyde makes 
practically no difference to the titration values, although the 
possibility of a carboxyl group masked by the guanidine group of 
arginine must be considered. It must be borne in mind that the 
experimental error in such titrations of substances of high molec- 
ular weight, which are difficult to obtain free from every trace of 
inorganic impurity, is of necessity large. An independent estimate 
based on the assumption that 1 molecule of lysine (5.0 per cent) 
is present in the product would give an indicated molecular weight 
of about 2920. The analysis of the Reineckate indicates a prepa- 
ration containing about 36 per cent Reinecke acid, from which a 
molecular weight of some multiple of 570 may be calculated. 

The action of enzymes on our product was obviously of interest 
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in connection with the great disparity known to exist in the thera- 
peutic effect of liver extract given by mouth and parenterally. We 
find that the action of pepsin in 0.1 Nn hydrochloric acid is very 
slow although perceptible. After 14 days the increase in amino 
nitrogen is only about 8 or 9 per cent of the total nitrogen. In 
accord with these findings we record a single experiment in which 
a large dose of material (200 mg.) had been digested with half its 
weight of pepsin for 5 days but still was able to produce a 
marked reticulocyte response (Case 433695). Glucosamine is not 
liberated during peptic digestion. Pure pancreatic juice appeared 
to be without action, while erepsin brought about a slow but almost 
complete hydrolysis. In this connection it is desirable to record 
an experiment in which a commercial preparation of autolyzed 
liver was allowed to stand at room temperature in the presence of 
chloroform for about 2 months. On regenerating the material 
precipitated by Reinecke acid, it was found that only the barest 
trace could be salted out with ammonium sulfate and the material 
was clinically inactive (Case 354091). It seems reasonable to 
conclude that prolonged autolysis had decomposed the originally 
active product. 

It has already been stated that the clinical activity of the prod- 
uct is readily abolished by the action of alkali. 24 hours exposure 
to 0.5 N sodium hydroxide at room temperature completely in- 
activates the substance, and undoubtedly much less drastic condi- 
tions would be equally effective. For example, if a concentrated 
aqueous solution of our substance is made alkaline to phenol- 
phthalein by the addition of concentrated barium hydroxide solu- 
tion and then precipitated with alcohol, it is found that the pre- 
cipitated barium salt on decomposition gives a product usually 
clinically inactive (Case’389711 and others). It is significant that 
the inactivating effect on clinical potency of cold alkali, as well as 
short boiling with Nn sulfuric acid, is precisely what might be antici- 
pated from a substance of glucosamine-peptide nature. The 
action of alkali on the substance involves extensive racemization 
of amino acid groups as well as a marked reduction in the specific 
rotation of the reaction product. In one such experiment in which 
the product was exposed to the action of N sodium hydroxide for 
24 hours it was found on subsequent hydrolysis that practically 
complete racemization of the arginine, lysine, and leucine groups 
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had taken place. It is therefore concluded that the a-amino and 


adjacent carboxyl groups of each of these acids are substituted 
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The question of the activity of the dibasic acids is complicated by 
the fact that aspartic acid is racemized during the process of acid 
hydrolysis to a much greater extent than is usually supposed. 
Some optical activity still persisted in the dibasic acid fraction. 
Although the ammonium sulfate mother liquors remaining after 
the salting out of the clinically active product contained a great 
deal of aminohexose in combination, and were found to be clini- 
cally inactive (Case 316263), it appeared worth while to test the 
effect of large doses of glucosamine hydrochloride and of N-acetyl- 
glucosamine on pernicious anemia patients. It was found that 
doses of from 2 to 4 gm. of these substances given parenterally 
were completely inactive and failed to influence the reticulocyte 
count in the slightest degree. Perhaps at this point we may be 
permitted a purely speculative digression. Some 3 years ago we 
(8) described a tribasic acid present in liver which was convertible 
into pyrrole derivatives and which we regarded as an intermediary 
metabolite in the synthesis of blood pigment. In considering the 
origin of this substance we considered the possibility of its being 
derived in part from the “oxidation of some substance containing 
the leucine skeleton such as, for example, leucyl-8-alanine.” 
While special search among the products of hydrolysis of our sub- 
stance has completely failed to detect §-alanine, the presence of 
large amounts of aspartic acid, which only differs from 8-alanine 
by 1 molecule of carbon dioxide, and of leucine, might possibly 
prove to be significant in relation to the ultimate understanding 
of blood pigment synthesis in vivo. 

It is obvious that a substance of the chemical nature of that 
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under discussion might well be considered as having intimate rela- 
tions with the rather indefinite group of substances classified as 
mucins, although, unlike the latter, our products contain neither 
acetic, sulfuric, nor glucuronic acid groups. In addition to experi- 
ments aiming at a more rigid purification of our product, we are at 
present engaged in a study of the products of enzyme action on 
mucins of various origins. The possible relationship of our sub- 
stance to products of the partial digestion of gastric mucin is 
obvious and is of interest in connection with the therapeutic effects 
of dried gastric tissue (ventriculin) and of concentrated gastric 
juice. It may also be mentioned that therapeutic doses of our 
substance produce a definite though small increase in the reticu- 
locyte count of some normal individuals probably similar to that 
observed by Jacobson in guinea pigs. We are not reporting these 
experiments at this time, but prefer to wait until further data are 
available. 

In conclusion, reference must be made to the fact that, apart 
from the solubility properties of our preparations (i.e. soluble in 
water and diluted alcohol, insolubie in absolute alcohol and ether), 
there is almost no point of agreement between the properties of 
the purified preparations described by Cohn, McMeekin, and 
Minot (9) and our own. For example, their active material gave 
no Molisch reaction or diacetyl reaction, was free of proteins and 
carbohydrates, appeared to be free of arginine, and gave no pre- 
cipitate with picric, picrolonic, and flavianic acids. They con- 
cluded that ‘“‘the active principle effective in pernicious anemia is 
not an amino acid but a nitrogenous base, the nitrogen of which 
exists as in a secondary or tertiary amine.’”’ It is hard to reconcile 
their conclusions with our own findings. One obvious explanation 
might be sought in the presence of more than one type of hemato- 
poietic substance in liver but our own experiments lend no support 
to such an interpretation. Further investigation is clearly neces- 
sary. 

The responsibility for the whole of the ciinical tests lies with 
one of the authors (R. W.) while the other (H. D. D.) is responsible 
for the larger part of the chemical work. 


EXPERIMENTAL 


In most of our experiments we have made use of commercial 
liver extract as starting material and we are indebted to Eli Lilly 
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and Company for generous supplies of their No. 343 preparation. 
The following description may be regarded as typical of a large 
number of preparations which have varied but slightly in detail 
and sequence of operation. 

Liver extract powder (500 gm.) is suspended in 500 cc. of warm 
water (50°) and vigorously stirred to avoid formation of lumps. 
Calcium acetate or calcium chloride (50 gm.) is then added to the 
uniform but turbid mixture and mechanical stirring is continued. 
When the salt is dissolved, 2 liters of 95 per cent alcohol are added 
gradually with continued stirring, and then the mixture is allowed 
to settle. A thick, bulky precipitate settles out and is removed 
by filtration or decantation, the residue being washed with 80 per 
cent alcohol and then discarded. The precipitate contains among 
other substances a variety of peptides. On regenerating the pre- 
cipitate, by solution in water, removal of calcium as oxalate, 
isolation of the material precipitable by Reinecke acid, and sub- 
mitting it to biological testing, it appears that less than 10 per 
cent of the clinically active material is lost in this preliminary 
operation. 

Ammonium oxalate solution is added by degrees to the alcoholic 
filtrate from the calcium precipitation until the whole of the cal- 
cium is precipitated and the calcium oxalate is removed by com- 
bined decantation and filtration. The filtrate is then concentrated 
under reduced pressure in order to remove the alcohol. The 
residue is diluted to about 700 cc., cooled thoroughly, and then 
made just acid to Congo red by the addition of sulfuric acid. A 
10 per cent solution of Reinecke salt in warm water (50—60°) is 
then added with vigorous stirring. About 30 gm. of the salt will 
be required for complete precipitation. If necessary, a little more 
sulfuric acid is added so as to maintain a faint acid reaction to 
Congo red, and then the whole is placed in a cool place (10°) over- 
night. Extreme refrigeration is not desirable as it leads to the 
separation of some gummy material which slowly redissolves as 
the temperature rises during filtration. The granular precipitate 
is filtered with suction on a large Buchner funnel, washed with ice 
water, and then sucked as dry as possible, the spatula being used 
freely. This is a somewhat tedious but very necessary operation. 
The precipitate is then transferred to a wide mouthed bottle and 
shaken with methyl alcohol so as to break up the lumps of the 
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precipitate. The amount of methyl alcohol to be used requires 
some judgment, since too little will lead to incomplete decomposi- 
tion of the precipitate, while too much interferes with the removal 
of the Reinecke complex. In general the aim should be to arrive 
at a final concentration of 35 to 40 per cent of methyl alcohol in 
the mixture. In the present case, with a well drained precipitate 
not more than 100 cc. of methyl alcohol should be necessary. The 
mixture is then heated in a water bath to about 50°. Most of the 
precipitate will have dissolved, but some sparingly soluble material 
such as choline Reineckate will remain in suspension. Without 
filtering, an excess of dimethylaniline (20 cc.) is then added and 
the mixture shaken on a machine for at least half an hour. It is 
then diluted with half its volume of water and placed in a refrigera- 
tor overnight. The bulk of the Reinecke complex is precipitated 
as the finely crystalline dimethylaniline salt and is removed by 
filtration. The brown filtrate is concentrated under reduced 
pressure to remove methy] alcohol and excess dimethylaniline and 
the remaining Reinecke acid is removed by repeated extraction 
with amyl alcohol. Usually four or five extractions are sufficient. 
The residual aqueous solution, which has a distinctly acid reaction, 
is neutralized to litmus by the cautious addition of ammonium 
carbonate solution and then concentrated under diminished pres- 
sure to a volume of about 100 cc. The clear cold solution is vigor- 
ously stirred while an amount of powdered ammonium sulfate 
sufficient for three-quarters or more saturation is gradually added. 
Precipitation begins when almost half the ammonium sulfate is 
added. The sticky brown precipitate is washed by decantation 
as far as possible, with saturated ammonium sulfate, and then 
well drained. The precipitate is then dissolved in a smaller 
amount of water, e.g. 50-cc.; and the precipitation with ammonium 
sulfate repeated as often as desired. If it be desired to separate 
the material at this stage, corresponding to Product I referred to 
in the introduction, the precipitate is dissolved in a minimum of 
cold water with stirring and the bulk of the adhering ammonium 
sulfate is precipitated by the addition of 3 volumes of alcohol 
followed by refrigeration. The residual sulfate in the filtrate is 
then quantitatively removed with barium acetate. The filtrate 
from the barium sulfate after treatment with decolorizing charcoal 
is then concentrated to a thick syrup under diminished pressure. 
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The residue is then mixed with 40 to 50 cc. of methy! aleohol which 
is added by degrees. While the dry substance is not dissolved 
appreciably by anhydrous methyl alcohol, the amount of water in 
the syrup is sufficient to keep the desired product in solution. The 
methyl] alcoholic solution is kept at a low temperature for some 
hours so as to allow an opportunity for the separation of any 
minute amount of inorganic or other impurity. The clear alco- 
holic solution is then filtered into 3 volumes of dry ether, when the 
product separates out as an amber-colored mass. The ether is 
then replaced by a mixture of absolute alcohol and ether 1:1 and 
finally by absolute alcohol alone. The buff-colored granular 
mass is filtered off, washed with alcohol, and at once dried in 
vacuo. For analytical purposes the product was redissolved in a 
little water and reprecipitated with alcohol and ether. The dry 
powder is not particularly hygroscopic, but when moistened with 
solvents such as alcohol and ether the latter may absorb enough 
moisture from the air to cause some deliquescence of the substance 
on prolonged exposure. For purposes of analysis the substance 
was dried at 60° over phosphorus pentoxide. The following typi- 
cal results are corrected for a minute amount of ash. 


Sample 433-B. C 49.8, H 7.2, N 14.9 
“7. §*“08.9,% 7.8,* 6.3 
“ Gi. “0.3," 7.8% 14.7 


The specific rotation was observed in aqueous solution. Distinct 
preparations gave the following values: 

a = —3.21°,c = 3.60, | = 1.0, lal = —89° 

a = —3.30°, “ = 1.70, “ = 2.2, [alp = —88° 

a = —1.88°, “=2.0, “= 1.0, lalp = —94° 


The properties of the product have been sufficiently described 
in the introduction so that repetition is unnecessary. The final 
removal of inorganic salts from the salted out material is not en- 
tirely easy, and, when in some experiments we attempted to re- 
move ammonium sulfate by distillation at low temperature and 
pressure with precipitated barium carbonate, we have the im- 
pression that the product was less clinically active. In fact, in 
general we have the impression, but on quite insufficient evidence, 
that the final steps in the preparation of ash-free dry products 
results in a certain amount of “denaturing.” 
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The product obtained as just described and which we designate 
as Preparation I was used as the starting material for further 
purification. For the preparation of material referred to as Prepa- 
ration II, it is convenient to dissolve in water the moist product 
after salting out with ammonium sulfate and then to proceed to 
precipitation with magnesium sulfate without removal of ammo- 
nium salts. After two or more precipitations with magnesium 
sulfate the precipitate is dissolved in water and the bulk of the 
magnesium sulfate removed by adding alcohol to 75 to 80 per cent 
concentration. The alcohol is then removed from the filtrate and 
the product precipitated once or twice more with ammonium sul- 
fate until the precipitate contains no residual magnesium salts. It 
is then treated as previously described for the final steps of Prepara- 
tion I. Inits general properties preparations of Product II closely 
resemble those of Product I but, as already stated, on hydrolysis it 
is found that histidine has virtually disappeared and that the glu- 
tamic acid and glycine are diminished, though it is difficult to 
assert their absence with confidence. Product II gives a rather 
attractive Reineckate which is best prepared by adding its cold 
solution to a previously prepared cold solution of excess of Rei- 
necke acid. It crystallizes in well formed prisms and is very 
sparingly soluble in water. After drying in vacuo over sulfuric 
acid, it yields very little (1.0 per cent) additional moisture on 
drying at 75°. The melting point, as might be anticipated, is not 
sharp. It begins to darken at about 200° and finally decomposes 
completely with evolution of gas between 240-245°. It gave the 
following results on analysis, dried at 65° in vacuo: chromium 
5.88 to 5.95, carbon 39.7, hydrogen 5.54, sulfur 14.6, nitrogen 17.5 
per cent. 

The magnesium sulfate mother liquors from the preceding prepa- 
ration were stirred with alcohol (80 per cent) to precipitate most 
of the salt and the alcoholic mother liquors concentrated and pre- 
cipitated with Reinecke salt, which was then regenerated as before 
described. The general properties of this fraction (No. III) 
resembled those of Preparation II in most respects and its elemen- 
tary composition was similar. The Reineckate had approximately 
the same composition and melting point: chromium 5.95, carbon 
38.1, hydrogen 5.2, nitrogen 17.7 per cent. The preparation of 
Product IV by precipitation with flavianic acid requires little 
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comment. The amount of flavianic acid required for complete 
precipitation is a little over 50 per cent of the weight of the ma- 
terial of Product I. It is essential not to employ flavianic acid at 
an earlier stage of the process, as precipitation is then very incom- 
plete. As already stated, the decomposition of the oily flavianate 
is difficult and requires the use of a considerable excess of sulfuric 
acid. The flavianic acid was extracted with amyl alcohol and 
ether and the residue worked up as usual. 

The methods used for the identification of the amino acids 
resulting from the hydrolysis of our products do not for the most 
part offer anything new, and, since the separation of the products 
has been repeated many times, it will not be necessary to go into 
great detail. Hydrolysis was usually carried out by boiling with 
20 per cent hydrochloric acid for at least 6 hours. A dark 
colored solution results in which black particles are usually observ- 
able. Every trace of glucosamine or other substance reducing 
Fehling’s solution is destroyed in the process and frequently black 
particles will be found in the condenser tube, suggesting the forma- 
tion of some volatile decomposition product. On evaporation of 
the solution under diminished pressure, taking up in water, and 
filtering a clear solution of the amino acids is readily obtained. 

The hexone bases were separated first of all as phosphotung- 
states, and then, after regeneration and removal of ammonia, 
they were separated by the Kossel silver method, making use of 
the modification introduced by Vickery and Leavenworth. 

Histidine—As has already been stated in the introduction, far 
more histidine is present in the crude material once precipitated 
by ammonium sulfate than in the more highly purified prepara- 
tions which have been repeatedly salted out with magnesium sul- 
fate. In the latter the amount of histidine estimated colori- 
metrically with the diazo reagent according to Koessler and Hanke 
(10) was not over 0.1 per cent, assuming that the whole of the 
color was due to histidine, an assumption that is probably incor- 
rect. In these preparations it was not possible to obtain any 
crystalline derivative of histidine or obtain any evidence of its 
presence except that of a possible diazo reaction. On the other 
hand, in the case of the cruder preparations once salted out with 
ammonium sulfate an amount of histidine estimated colorimetri- 
cally at 2.5 to 4.0 per cent was observed, and it was easy on de- 
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composing the appropriate silver fraction to obtain histidine 
diflavianate in good crystalline condition and in amount equivalent 
to about 70 per cent of that indicated by the colorimetric tests. 
A typical example of the analysis for histidine of a sample of 
material once precipitated by ammonium sulfate may be cited. 
7 gm. gave on hydrolysis and fractionation with phosphotungstic 
acid and silver, a histidine fraction containing 0.054 gm. of nitro- 
gen, equivalent to 0.1992 gm. of histidine. On adding excess of 
flavianic acid (0.8 gm.), a yield of sulfur-yellow crystalline difla- 
vianate, darkening at 235° and melting at 249-251°, equivalent to 
0.14 gm. (i.e. 2.0 per cent on original material) of histidine was 
readily obtained. Nitrogen in dry salt, 12.4 per cent; calculated, 
12.5 per cent. 

Arginine—The arginine was estimated in the appropriate silver 
fraction by decomposing with hydrogen sulfide and then decom- 
posing the arginine by prolonged boiling (6 hours) with 20 per 
cent sodium hydroxide. All of the analyses of the various prepa- 
rations gave results between the limits of 11.5 and 15.0 per cent, 
with an average value of 13.2 per cent. The arginine was fully 
identified as picrolonate and as flavianate, the later crystallizing 
in glistening orange plates, decomposing without melting above 
260°, and containing 16.9 per cent nitrogen (calculated, 17.2 per 
cent). An alternative method of estimating arginine without 
preliminary hydrolysis based on Sakaguchi’s (11) method with 
edestin as standard gave 13.7 per cent arginine in Preparation II. 

Lysine—The filtrates from the silver precipitates were worked 
up for lysine in the usual fashion. 10 gm. of Preparation II gave a 
filtrate containing nitrogen equivalent to 0.4584 gm. of lysine (4.6 
per cent). On recovering the free base with phosphotungstic acid 
and treatment with alcoholic picric acid, a yield of crystalline 
lysine picrate equivalent to 0.35 gm. of lysine was obtained. On 
recrystallization from water the picrate separated in needles dark- 
ening above 230° and decomposing suddenly at 260-262°. Analy- 
sis: carbon 38.8, hydrogen 4.8; calculated, carbon 38.4, hydrogen 
4.5 per cent. 

Leucine—Although a considerable amount of leucine is present 
among the products of hydrolysis, it was not possible to isolate it 
directly in good yield and in pure condition. The following 
method is based on the isolation of leucine as its uramido acid, a 
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procedure which we have often employed before and found thor- 
oughly satisfactory. 4 gm. (Preparation II) were hydrolyzed by 
boiling with 10 parts of 1:5 by volume sulfuric acid for 6 hours. 
The dark mixture was diluted 4-fold and precipitated with phos- 
photungstic acid. The precipitate was removed by filtration and 
the filtrate freed of both sulfuric acid and phosphotungstic acid 
by barium hydroxide. The filtrate was then concentrated to 
about 25 cc. Potassium cyanate (4 gm.) was then added by de- 
grees while it was gently warmed on the water bath and the alka- 
line solution slowly concentrated to about half its bulk. It was 
then made just acid to Congo red with dilute hydrochloric acid 
and placed in the refrigerator overnight. The crystals, which 
weighed 0.40 gm. and melted at 202-204°, were filtered off. The 
filtrate was then extracted with ether for 24 hours in a continuous 
extractor. The extract on dissolving in water and concentrating 
to about 4 cc. gave an additional 0.22 gm. of crystals which melted 
around 190° rather indefinitely. The mother liquor on evapora- 
tion contained 0.38 gm. of solid material, of which about half could 
be recovered in crystalline form by evaporation with hydrochloric 
acid, so as to convert the uramido acid into hydantoin. The total 
yield of crude products from 4 gm. of starting material amounts to 
0.62 gm. of uramido acid and 0.19 gm. of hydantoin, equivalent 
to 0.631 gm. of leucine or 15.8 per cent. Since under favorable 
conditions the yield of uramido acid from leucine is about 70 per 
cent, it would appear that the probable leucine content in our 
product is not far from 20 per cent. 

The uramido acid after a single crystallization from water melted 
with effervescence at 205-206°. On analysis it gave the following 
results: carbon 48.8, hydrogen 7.8, nitrogen 15.8; calculated for 
C;HuO03;N2, carbon 48.3, hydrogen 8.0, nitrogen 16.1 per cent. 
On evaporating the uramido acid with dilute hydrochloric acid, 
it was converted smoothly into isobutylhydantoin melting with 
slight. sintering but without effervescence at 212°. This conver- 
sion is of importance, for isoleucine, if present, would give a hydan- 
toin of much lower melting point. The hydantoin had a specific 
rotation of —86° and on analysis gave satisfactory figures (carbon 
53.4, hydrogen 7.8; calculated, carbon 53.2, hydrogen 7.70). 

The uramido and hydantoin preparations just referred to gave 
only the barest trace of a faint yellow color on evaporation with 
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nitric acid and moistening the residue with ammonia. On the 
other hand, similar preparations from cruder material (Product I) 
gave a distinct orange color which we believe to be due to traces 
of phenylalanine. We have been unable to isolate any pure 
phenylalanine derivatives, but have obtained analyses indicative 
of a mixture of leucine and phenylalanine hydantoin. 

Reference perhaps should be made to the fact that recently 
Boyd (12) on purely theoretical grounds has questioned the possi- 
bility of extracting the uramido acid of leucine with ether. We 
have made such frequent and successful use of the method that we 
are quite unwilling to accept this criticism as justified. 

Hydroxyproline—The residue left after the preceding extraction 
of uramido acids chiefly derived from leucine was boiled for an hour 
with one-tenth its volume of concentrated hydrochloric acid in order 
to convert unextracted uramido acids into hydantoins. Continuous 
extraction with ether was then carried out for 36 hours. The 
ethereal solution was then allowed to stand for a couple of days in a 
cold place. A small amount of crystalline material separated out 
and was removed. This proved to be hydantoin acetic acid de- 
rived from aspartic acid. On recrystallization from water it 
separated in thick, highly refractive prisms melting at 220-223° 
with slight previous sintering. Analysis: carbon 38.2, hydrogen 
3.90; calculated, carbon 38.0, hydrogen 3.80 per cent. No hydan- 
toin propionic acid derivable from glutamic acid was encountered. 
On evaporation of the ether solution above referred to, a clear, 
syrupy residue weighing 0.78 gm. was obtained, which slowly set 
to a solid mass of thick shining prisms. The crystals were drained 
on porous tile and then recrystallized by dissolving in a minimum 
of aleohol and adding benzene. They melted at 162°. Four dif- 
ferent preparations showed specific rotations of —98.0°, —96.8°, 
—93.5°, and —97.0°. These figures compare with a melting point 
of 162-165° and a specific rotation of —97.2° for the hydantoin 
of hydroxyproline prepared from gelatin. Analysis : nitrogen, 18.1; 
calculated, 18.0 per cent. A simpler and more direct method of 
separating hydroxyproline was later adopted, based on the re- 
moval of arginine with flavianic acid, followed by precipitation 
with Reinecke acid. On decomposition of the Reineckate with 
dimethylaniline a yield of hydroxyproline, based on polarimetric 
estimation, of slightly over 10 per cent was obtained, It was 
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further identified by its naphthalenesulfonic acid derivative, 
m.p. 88°. 

Glycine—Glycine was easily identified among the products of 
hydrolysis of the crude material precipitated by Reinecke acid 
before salting out with ammonium sulfate. In the preparations 
further purified by salting out, it was difficult to separate glycine 
as the ester hydrochloride, although we have obtained the char- 
acteristic naphthalenesulfonic acid derivative. Owing to the kind- 
ness of Dr. Max Bergmann we have been able to make use of an 
unpublished method for the determination of glycine and have 
assured ourselves that Preparation II does not contain more than 
4 to 6 per cent. 

The glycine from the crude preparations was isolated in the 
usual way as glycine ethyl ester hydrochloride, which melted at 
144° and contained 10.5 per cent nitrogen (calculated, 10.1). The 
free amino acid melted with discoloration at 230° and contained 
18.2 per cent nitrogen (calculated, 18.6). It was also identified 
as the naphthalenesulfonic acid derivative melting at 153-155°. 

Dicarboxylic Acids—These acids were separated as calcium salts 
after hydrolysis with hydrochloric acid. After purification with 
phosphotungstic acid and silver sulfate according to Foreman’s 
method (13), it was found that as much as 25 to 30 per cent of 
the total nitrogen was in the dicarboxylic acid fraction, all of the 
nitrogen being in the NH; form. This estimate is undoubtedly too 
high, owing to the simultaneous precipitation of some monamino 
acids. The acids derived from crude preparations, either before 
salting out or after a single salting out with ammonium sulfate, 
readily gave crystals of d-glutamic acid hydrochloride on satura- 
tion with hydrogen chloride. Melting point, 198-200°; nitrogen 
7.4 to 7.6 per cent; calculated, nitrogen 7.63 per cent. From simi- 
lar material that had been partially racemized by cold sodium 
hydroxide the optically inactive hydrochloride melting at 203° 
was isolated in good quantity. But as already stated, on further 
purification of the original material either by magnesium sulfate 
or flavianic acid, it was found that crystalline glutamic acid hydro- 
chloride could no longer be separated. On boiling the mixed 
acids with excess of zinc oxide and assuming, unjustifiably, that 
the whole of the nitrogen in the sparingly soluble zinc salt was 
glutamic acid, we obtained maximal values of 1.25 per cent glu- 
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tamic acid in Preparations II and IV. On the other hand, these 
preparations gave good yields of aspartic acid (17 per cent and 
over) separated as basic lead salt, as copper salt, and as free acid. 
Analysis: carbon 36.6, hydrogen 5.40, nitrogen 10.4; calculated, 
carbon 36.8, hydrogen 5.26, nitrogen 10.5 per cent. Aspartic acid 
was also identified as hydantoin acetic acid, m.p. 220—223° (cf. sec- 
tion on hydroxyproline). Most of the aspartic acid was racemized, 
presumably during hydrolysis. After the removal of glutamic and 
aspartic acids as zinc and lead salts respectively, indications of a 
dicarboxylic acid easily soluble in water and giving a very soluble 
copper salt precipitable by alcohol were cbtained. The identifica- 
tion is still incomplete. 

Aminohexose—It has already been stated earlier that so far we 
have been entirely unable to isolate glucosamine hydrochloride as 
such. We have confirmed Neuberg and Kerb’s statements as to 
the precipitation of glucosamine with mercuric acetate and soda 
and have tried, unsuccessfully, to make use of this fact in isolating 
glucosamine from partly hydrolyzed products which had been 
previously treated with phosphotungstic acid and also neutral 
mercuric acetate. 

Furthermore, we have tried the hydrolysis of chloroform-soluble 
products obtained from the acetolysis of our substance, but appar- 
ently basic substances still remain in combination with the 
aminohexose and vigorous hydrolysis destroys the latter. As 
already stated we have made use of Elson and Morgan’s method 
for making a very tentative estimation of glucosamine. The 
colorimetric tests were made on solutions that had been heated 
for 45 minutes or longer in a steam bath with n hydrochloric acid. 
It must be admitted that this extension of Elson and Morgan’s 
method may prove to be beset with serious errors, but at the 
moment it seems the most useful procedure available. The colors 
obtained with our products are not nearly as stable as those 
obtained with pure glucosamine and should be matched within 10 
minutes. 

Reference has also been made to the isolation of phenylglucosa- 
zone from our products on heating with phenylhydrazine in 5 per 
cent acetic acid. The material may be previously partially 
hydrolyzed with n hydrochloric acid but this is not essential. No 
separation of osazone takes place until after about 20 minutes and 
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thereafter the separation steadily increases. Alanylglucosamine 
anhydride and also acetylglucosamine behave similarly, while 
glycylglucosamine gives nothing but a little oily separation. The 
phenylglucosazone, when filtered off and washed, melts above 200° 
in the crude state and after recrystallization from alcohol at 205- 
206°. Analysis: carbon 60.8, hydrogen 6.15, nitrogen 15.6; calcu- 
lated, carbon 60.3, hydrogen 6.14, nitrogen 15.6 per cent. The 
identity of the phenylglucosazone was further established by its 
correct levorotation in pyridine and alcohol mixture. It may be 
noted that p-nitrophenylhydrazine, which apparently does not 
easily yield an osazone with glucosamine, under similar conditions 
gave no trace of osazone when heated with solutions of our prod- 
ucts, either before or after hydrolysis. 

Peptic Digestion—Substrate, 0.25 gm.,of Preparation II, contain- 
ing 37.5 mg. of nitrogen. The ferment solution contained 0.25 gm. 
of active pepsin in 5 cc. of 0.1 N hydrochloric acid. Toluene was 
used as an antiseptic. Temperature, 35°. The pepsin solution 
alone showed no increase in amino nitrogen on digestion. 





Increase in NH:-N (Van Slyke) 
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A second experiment was made with crystalline pepsin for which 
we are indebted to Dr. R. M. Herriott. Substrate, 0.466 gm., of 
Preparation II, containing 70 mg. of nitrogen. Temperature, 35°. 











Increase in NH:-N (Van Slyke) 

Blank Substrate 
mg. mg. 
30 hrs. 1.10 3.66 
2 days 1.33 5.04 
€.7 2.46 7.44 
6 * 2.66 7.98 
- 3.1 9.18 
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In both the above experiments the increase on prolonged diges- 
tion with pepsin resulted in an increase of amino nitrogen equiva- 
lent to only 8.6 and 8.7 per cent of the total nitrogen. Such a 
small change over so long a period with a large excess of ferment 
leads to the conclusion that the action of pepsin is slight and slow. 
The change, however, seems to be a definite one, for incubation 
with 0.1 N acid alone and no enzyme gave absolutely no change in 
the amino nitrogen. No free glucosamine appears to be liberated 
in the course of digestion. The survival of some clinical activity 
after peptic digestion has already been mentioned (Case 433695). 

Erepsin Digestion—Glycerol extract of fresh pig intestinal 
mucosa (10 cc.). Substrate, 0.45 gm., of Preparation II, containing 
67.5 mg. of nitrogen. Total volume, 50 cc. Temperature, 35°. 
Toluene was used as a preservative. 





Increase in NH:-N (Van Slyke) 














Blank» Substrate 
mg. mg. 
4 hrs. 6.6 
1 day 3.9 9.9 
4 days 8.1 26.7 
10 “ 8.4 36.0 
_.* 9.0 43.2 





Allowing for the increase in the blank experiment, about 51 per 
cent of the total nitrogen of the substrate was in the amino form 
at the end of 20 days. In another similar experiment 58 per cent 
increase was observed. The digestion is slow but tolerably 
complete. 


In conclusion, one of us (H. D. D.) wishes to record his grateful 
appreciation of the opportunity accorded him to cooperate in the 
present work by Dr. W. W. Palmer. While Dr. Palmer is in no 
way responsible for any of the results recorded in this paper, it is 
equally true that if it were not for his constant encouragement the 
work would have been long since abandoned owing to the many 
difficulties and disappointments that were encountered. We are 
also indebted to Dr. Hans T. Clarke for generous cooperation and 
for allowing us the facilities of his department, including the execu- 
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tion of many microanalyses by Mr. William Saschek. To Dr. 
Max Bergmann we owe our thanks for a specimen of glycylglucosa- 
mine hydrochloride and also for generously permitting us to use a 
method of glycine estimation which he has not yet published. 


SUMMARY 


The preparation from commercial liver extract of products clini- 
cally active in causing remission in pernicious anemia is described. 
The method is based on the removal of much relatively inactive 
material by precipitation with alcoholic calcium acetate, followed 
by precipitation of the active material with Reinecke acid. The 
decomposition of the Reineckate requires special methods which 
are described. Subsequent purification is effected by salting out 
the active material with ammonium sulfate and later by the use of 
either magnesium sulfate, sodium chloride, or of flavianic acid. 
30 mg. of the product caused a perceptible reticulocyte response in 
suitable pernicious anemia patients, while 80 mg. have given a 
maximal response. 

Under suitable conditions substantially the whole of the active 
material is precipitable by ammonium sulfate since none could be 
recovered from the filtrate. Precipitation in the magnesium sul- 
fate is quantitatively less complete. The yield of purified product 
approximates 1 per cent of the dry liver extract. 

The clinical activity of the product is readily abolished by ex- 
posure to cold 0.5 N sodium hydroxide and by boiling for 1 hour 
with 0.5 N sulfuric acid and also by salts of heavy metals. Ex- 
posure to alkali involves extensive racemization. 

On hydrolysis of the active material the following products were 
obtained. (a) An aminohexose similar to glucosamine but not 
definitely identified as such. It gave phenylglucosazone on treat- 
ment with phenylhydrazine and pyrrole derivatives on condensa- 
tion with acetylacetone and ammonia on treatment with alkali. 
Chondrosamine was absent. (b) The following amino acids were 
present in all preparations so far obtained: lysine, arginine, glycine, 
leucine, hydroxyproline, aspartic acid. Crude preparations con- 
tained in addition, histidine, glutamic acid, and possibly traces of 
phenylalanine. No other carbohydrate or amino acid groupings 
were detected. The product unlike glucosamine gives a positive 
Molisch reaction, but we find that glucosamine peptides behave 
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similarly. Pyrimidine or purine bases were absent. Reference is 
made to the possible molecular weight of the product, to its decom- 
position by pepsin and by erepsin, and to its relationship with 
previously described products. No claim to strict chemical indi- 
viduality is advanced, since the separation of aminohexose 
polypeptides must of necessity be extremely difficult. 


Clinical Tests 


The following clinical tests (see the protocols at the end of this 
paper) are arranged in the order in which they are referred to in 
the text. With one exception all of the cases referred to were in 
the Medical Clinic, Presbyterian Hospital. In order to economize 
space, clinical histories are not included, but the case number is 
given in each case so that the details are on permanent record. 
It will be noted that in a number of instances in which the 
material undergoing examination was found to be inactive, the 
suitability of the case from the clinical point of view was confirmed 
by subsequent injection of known potent material, resulting in a 
normal reticulocyte response. 
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THE APPLICATION TO THE COLORIMETER OF THE 
SCHOENHEIMER AND SPERRY METHOD FOR THE DE- 
TERMINATION OF TOTAL AND FREE CHOLESTEROL* 


By FRED FITZt 


(From the Department of Medicine, New York Post-Graduate Medical School 
and Hospital, New York) 


(Received for publication, February 20, 1935) 


In 1934 Schoenheimer and Sperry (1) presented a micromethod 
for the determination of free and combined cholesterol in blood 
and other biological material. Using a Zeiss Pulfrich photometer 
to measure the color developed by the Liebermann-Burchard 
reaction with small amounts of cholesterol digitonide, these 
authors claim a degree of accuracy previously obtainable only 
with the macrogravimetric procedure of Windaus. 

In principle, the method consists in the precipitation of choles- 
terol from an acetone-absolute alcohol extract with digitonin. 
The digitonide is freed of other chromogenic substances and then 
subjected to a color reaction. For details of the procedure the 
reader is referred to the communication of Schoenheimer and 
Sperry. 

In adapting the method to the use of a laboratory not having 
access to a sensitive photometer, certain obstacles were encoun- 
tered. With an ordinary colorimeter equipped with microcells 
and a suitable color filter,' it was found that the mean difference 
between duplicate determinations in blood sera was often in excess 
of 10 per cent. Examination of preliminary analyses revealed at 
least two difficulties. First, the inability to match satisfactorily 
with a suitable standard the very faint colors developed with 
samples containing less than 0.05 mg. of cholesterol. This was 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 

t Oliver Rea Fellow in Medicine. 

1 A Wratten color filter, No. 71-a (mounted by the Klett Manufacturing 
Company, New York), was placed over the eyepiece of the colorimeter. 
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especially true of the free cholesterol fraction. The second diffi- 
culty had to do with the preparation of a standard which would 
permit the reading of several samples. Schoenheimer and 
Sperry state that with the use of a suitably equipped colorimeter, 
the standard deviation of percentage errors of thirty-three deter- 
minations was 5 per cent and in one case (0.025 mg. of cholesterol) 
was 12 per cent. 

To overcome the first of the difficulties mentioned above, experi- 
ments were planned to determine the least amount of cholesterol 
that could be read in the colorimeter with a standard deviation 
not exceeding 3 per cent. Series of determinations of known 


TaBLe I 


Degree of Variation Observed in Determining Graduated Known Amounts of 
Cholesterol in the Colorimeter 

















Amount of 
cholesterol in Limits of variation Standard deviation | No. of determinations 
sample* 
mg. mg. per cent 

0.020 0.018-0 .022 5.27 14 
0.040 0.037-0 .043 4.68 14 
0.060 0.058-0 .063 2.46 16 
0.080 0.079-0 .082 0.91 15 
0.100 0.098-0. 103 1.24 22 





* These samples were prepared by dissolving weighed amounts of anhy- 
drous cholesterol in acetic acid (Eastman Kodak Company). 


amounts of cholesterol varying from 0.02 to 0.10 mg. were carried 
out. The results obtained are shown in Table I. 

From the data in Table I it is evident that samples of serum 
extracts should contain in excess of 0.05 mg. of cholesterol in order 
to be measured satisfactorily in the colorimeter with a precision 
of less than 3 per cent standard deviation. To obviate this diffi- 
culty the original extract is prepared by using 0.5 cc. of serum 
made up to 10 cc. with acetone-absolute alcohol solution. In 
addition, a 3 ec. portion of the filtrate is used for the free choles- 
terol fraction, whereas the original method advocates the use of 2 
cc. in this part of the procedure. With this modification, the 
average total cholesterol aliquot contains in excess of 0.08 mg., 
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and the free cholesterol aliquot more than 0.07 mg. of cholesterol. 
A standard containing 10 mg. of cholesterol per 100 ml. of acetic 
acid is employed. In the event that the total serum cholesterol 
can be anticipated to be less than 125 mg. per 100 ml., more serum 
is used in making the original extract. 

Upon the addition of measured amounts of acetic anhydride 
and sulfurie acid to cholesterol solutions, the color developed is 
affected by several factors, the most important of which are tem- 
perature, time, and intensity of light (2-5). Mirsky and Bruger 
(6) believed temperature control to be the most important single 


TaB_e II 


Degree of Fading of Standard Solutions in Relation to Time When Exposed to 
the Light and Heat of a Colorimeter 


0.10 mg. of cholesterol was used throughout. 








Time seats ~~ jameren Deviation No. of determinations 
min per cent per cent 

27 100.4 +0.4 14 

29 99.8 —0.2 14 

31 99.0 —1.0 14 

33 94.7 —5.3 14 

35 92.4 —7.6 ll 

37 92.1 —7.9 8 














Exposures of approximately 50 seconds each were made at 2 minute 
intervals. 


factor in the Liebermann-Burchard color reaction for cholesterol. 
Schoenheimer and Sperry found with their procedure that when 
0.1 ec. of H,SO, was added, the temperature being kept constant 
at 25° and the light excluded, the maximum color was reached at 
about 27 minutes and fading started at about 37 minutes. When 
higher temperatures were used, fading started earlier. These 
authors suggest that when a colorimeter is used, it may be neces- 
sary to employ more than one standard during a series of readings; 
however, no data were presented to indicate the stability of 
standard solutions when used in the colorimeter. 

The solution in the standard cell of the colorimeter is subjected 
to repeated exposures of intense light and of constant heat by 
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radiation and convection; with the photometer these factors, with 
the single exception of heat by radiation, are eliminated. In our 
hands it was found that standard solutions began to fade appreci- 
ably after 4 minutes when in the standard cell, thereby permitting 
at most three determinations. It may be seen in Table II that the 
loss of color becomes more pronounced with further light and heat 
exposures. 

A standard containing 5 times the volume of a single standard 
has been employed in order to obviate this fading effect, to offset 
the variation that occurs between duplicate standards, and to 


TaBLe III 


Duplicate and Triplicate Results Obtained with Blood Sera with the 
Schoenheimer and Sperry Procedure Modified for the Colorimeter 





Total cholesterol 2 Free cholesterol _ 
Sample yy ym 
viation viation 
No. Per 100 cc. | from mean la ple Per 100 cc. | from mean 
serum com serum 








In sample 





le mg. per cent 
: 0.0678 45.2 0.51 

0.0757 é 0.33 0.0685 , 
0.0862 s 0.0840 : 0.67 
0.0855 d 0 70 0.0847 
0.0851 , 0.0837 
0.1105 d 0.1064 
0.1111 ; 0.27 0.1069 
0.1342 : 0.1307 
0.1333 " 0.34 0.1282 
0.1639 ° 0.1460 
0.1613 3 0.81 0.1492 
0.1626 : 0.1449 


mg. lo per cent mg 
0.0752 























save time and materials. This large standard is prepared and 
placed in the water bath with the unknown samples. For each 
determination in a series of unknowns, a fresh portion is trans- 
ferred to the standard cell of the colorimeter. It has not been 
found necessary to wash out the standard cell after each filling. 
By this procedure the standard remains constant for the 27 to 37 
minute interval, giving ample time to make six to eight determina- 
tions of five readings each. Typical results obtained with blood 
sera by this modified procedure are shown in Table III. 
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SUMMARY 


An adaptation for the colorimeter has been made of the Schoen- 
heimer and Sperry method for cholesterol determination. In the 
preparation of the serum extract 0.5 cc. of blood serum is made up 
to 10 cc. with the acetone-absolute alcohol solution, whereas the 
original procedure advocates the use of 0.2 cc. made up to 5 ce. 
By so doing, 1 cc. portions of the filtrate generally contain more 
than 0.05 mg. of total cholesterol. For the free cholesterol frac- 
tion, 3 cc. of the extract and 1.5 cc. of the digitonin solution are 
used in place of 2 cc. of the extract and 1 cc. of digitonin solution 
as called for in the original method. The precipitation of the 
cholesterol, the washing of the digitonide, and the development of 
the color are carried out as presented in the Schoenheimer and 
Sperry communication. In place of using a new standard for each 
or for every few samples, a standard containing 5 times the volume 
of a single standard is employed, and fresh portions are transferred 
to the standard cell for each determination. With these minor 
modifications for use with the colorimeter, duplicate and triplicate 
determinations have been obtained with maximum deviations 
from the mean of less than 3 per cent. 


Drs. Schoenheimer and Sperry extended every courtesy and 
made valuable suggestions throughout this study. Mr. Oscar 
Keller rendered valuable technical assistance, for which grateful 


recognition is given. 
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STUDIES OF MULTIVALENT AMINO ACIDS AND 
PEPTIDES 


I. THE SYNTHESIS OF CERTAIN TETRAVALENT AMINO ACIDS 
AND THEIR DERIVATIVES 


By JESSE P. GREENSTEIN 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, January 4, 1935) 


In the study of the physicochemical properties of the proteins, 
it is often convenient to consider the behavior of the simpler 
ampholytes which reflect to some degree the properties of the more 
complex protein molecules. The investigation of simpler syn- 
thetic amphoteric models, usually amino acids and peptides, has 
illuminated such diverse properties of proteins as electrolytic 
dissociation (9, 13), apparent molal volume (7), solubility (6), and 
behavior toward enzymes (1). 

From the researches of Herricott and Northrop on pepsin (14) 
and of Freudenberg and Eyer (12), Jensen (15), and du Vigneaud 
(21) on insulin, it seems likely that the apparently specific proper- 
ties of many proteins may inhere in certain groups or linkages in 
the molecule. Many of these groups or linkages may be repro- 
duced in synthetic models. Whether these groups may completely 
function dissociated from.the colloid moiety itself cannot as yet 
be answered. It would seem of interest, however, to prepare a 
series of complex synthetic ampholytes and their derivatives and 
to examine several of their properties. These substances will 
resemble the protein in bearing several free amino, carboxyl, and 
other characteristic groups upon a relatively small molecular area. 
The present communication is concerned with the synthesis of 
three new tetravalent amino acids: a,+y,6-triamino-A’*-pentenic 
acid, a-aminotricarballylic acid, and e,e¢’-diamino-di(a-thio-n- 
caproic acid). The latter substance was further characterized 
by the formation of its ¢,e’-diguanido and e,e’-diphenylureido 

529 





530 Amino Acids and Peptides. [I 


derivatives. The glycylpeptide of a-aminotricarballylic acid was 
also prepared. Triamino acids possessing three amino groups 
and one carboxyl group, such as the dipeptides lysyllysine and 
a,8-diaminopropionic acid dipeptide, have been synthesized by 
Fischer and Suzuki (11). The peptide glutamylglutamic acid, 
containing one amino group and three carboxyl groups and hence 
analogous to the above a-aminotricarballylic acid or its peptide, 
has been prepared by Bergmann and Zervas (2). The triamino 
acid and the tricarboxylic acid, whose syntheses are described 
below, were chosen for a proposed later synthesis of a hexapole 
dipeptide. 

The synthesis of the dipeptide tetrapole, lysylglutamic acid, by 
Bergmann, Zervas, and Greenstein (3) has yielded a compound 
fairly soluble in cold water and a few of its electrochemical proper- 
ties have been described by the author (13). In the endeavor to 
prepare a tetrapole which in addition to the property of being 
highly soluble in water would also contain the characteristic 
disulfide linkage of cystine, the synthesis of e, e’-diamino-di(a-thio- 
n-caproic acid) was undertaken. The wide spacing of the charged 
groups in the latter compound results in its highly polar character 
and consequent aqueous solubility. 

Certain physicochemical and physiological properties of these 
substances and their derivatives will be described in later commu- 
nications. 


a-Aminotricarballylic Acid 
CHCOOC.H; NH:0CCH: NH,CHCOOH 


| 
CCOOC,H; > NH,OCCH CHCOOH 


CH:COOC.H; rie H CH.COOH 


eT 
CHCONH, 


CH:CONH; 
I II III 


When f-hydroxy acids are treated with a dehydrating agent, 
they pass over into a,8 unsaturated acids. On treatment of the 
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latter with ammonia, the corresponding amino acid should result, 
as was first indicated by Engel (10). The yields, however, were 
quite poor and later Morsch (18) and Dunn and Fox (8) employed 
for the syntheses of §-aminobutyric acid and of aspartic acid 
respectively not the unsaturated acid, but its corresponding ester. 
The latter method was followed in the synthesis of a-aminotricar- 
ballylic acid, starting with aconitic acid triethyl ester (I) derived 
from citric acid. 


EXPERIMENTAL 


Anhydroaminotricarballylic Acid Tetraamide (II)—Samples of 
16 gm. of triethyl aconitate (19) were placed in each of six 200 cc. 
pressure flasks and 150 cc. of absolute alcohol saturated with dry 
NH; gas at 0° were added to each flask. The flasks were then 
kept at 100° for6 hours and allowed to cool slowly to room tempera- 
ture. The anhydro-a-aminotricarballylic acid tetraamide crystal- 
lized out on the sides of the flasks in yellowish clumps. This was 
filtered off, washed with cold water several times, then with 
alcohol, and finally dried in vacuo. The yield of crude substance, 
melting at 217°, was 19 gm. The alcoholic mother liquor yielded 
on evaporation approximately 11 gm. of impure tetraamide. For 
analysis a small amount was dissolved in lukewarm water, shaken 
with norit, and filtered. To the filtrate was added absolute alcohol 
to turbidity. On cooling in the ice chest, long colorless needles 
separate. M. p., 232° with decomposition. 


Ci2HisNeOs (342.14) 
Calculated. C 42.08, H 5.30, N 24.55, amide N as NH; 19.8 
Found. "ae “te ae OU OO" Ee 


a-Aminotricarballylic Acid (III)—175 gm. of the combined 
crude anhydroaminotricarballylic acid tetraamide were dissolved 
in 600 cc. of 5 N NaOH and boiled under a reflux in an oil bath for 
4hours. At the end of this time the solution was chilled, diluted, 
and neutralized to methyl red with 10 Nn HCl. At this point a 
precipitate amounting to a few hundred mg. appeared. This was 
filtered off and not further investigated. To the filtrate, decol- 
orized with norit, was added a hot solution of 250 gm. of copper 
acetate in 2500 cc. of water. A voluminous precipitate of the 
blue Cu salt immediately appeared, which was filtered off and 
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washed with water. Inasmuch as this salt was extremely insoluble 
in all solvents, it was thoroughly dried and ground up to a powder, 
and shaken on the machine with large volumes of water until the 
decanted wash water yielded a negative test for chloride ion. The 
yield of dried copper salt amounted to 90.0 gm. It was suspended 
in water and decomposed with H,S and the clear colorless filtrate 
achieved by the use of norit was evaporated in vacuo. In concen- 
trated solution the separation of the amino acid began. It was 
removed to a filter and washed several times with water. The 
yield of crude a-aminotricarballylic acid, m.p. 185°, was 30 gm. 
The acid was dissolved in hot water and hot alcohol added slowly 
to turbidity. On cooling there crystallize beautiful flat gleaming 
plates. The yield of the pure substance melting at 196°, with 
decomposition, was 24.5 gm. This is around 12 per cent of the 
theory, based on the aconitic acid triethyl ester. 

The amino acid is slightly soluble in cold water, easily in warm 
water, acids, and alkalies, and insoluble in organic solvents. In 
water solution it turns Congo red paper blue. 


CsH»yNOs (191.07). Calculated. C 37.68, H 4.75, N 7.32, NH.-N 7.32 
Found. ** 37.95, “5.19, “7.11, “ 7.58 


Carbobenzoxyglycyl-a-A minotricarballylic Acid—A sample of 
9.3 gm. of carbobenzoxyglycine (2) was suspended in 70 cc. of dry 
ether and treated with 10 gm. of fresh PCl;. The mixture was 
shaken at 0° for about 15 minutes and then filtered. The filtrate 
was evaporated in vacuo to a syrup, the latter shaken out several 
times with dry cold petroleum ether to remove the oxychloride, 
and then taken up in 40 ce. of dry ether and immediately employed 
for the synthesis. 

An amount of 7.3 gm. of a-aminotricarballylic acid was dissolved 
in 60 cc. of 2 N NaOH and chilled in an ice bath. With vigorous 
shaking, the above ether solution of carbobenzoxyglycy! chloride 
was added alternately with 40 cc. of 2 Nn NaOH to the alkaline 
solution of the amino acid. When the reaction after 20 minutes 
was at an end, 5 Nn HCl was added to Congo blue, the ether layer 
removed, and the aqueous layer shaken out several times with 
ethyl acetate. The ethyl acetate extracts were combined, washed 
well with water, dried, and evaporated in vacuo at a low tempera- 
ture to dryness. The residue was a thick colorless syrup. After 
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thorough drying in a vacuum desiccator, it set to a white solid. 
The yield amounted to 7.0 gm.; m.p., 72° with decomposition. 


CisHisOoN2 (382.14). Calculated, N 7.33; found, N 7.20 


Glycyl-a-Aminotricarballylic Acid—A sample of 6.5 gm. of 
carbobenzoxyglycyl-a-aminotricarballylic acid in 20 cc. of methyl 
alcohol and 10 cc. of water plus a few drops of acetic acid was 
catalytically hydrogenated in the presence of palladium. After 
about 20 minutes the reaction was at an end and the catalyst plus 
the crystallized peptide was filtered off. The material was 
separated from the palladium by washing with warm water and 
the combined filtrates evaporated in vacuo to dryness. The 
residue was taken up in the minimum amount of warm water, 
filtered, and treated with an equal volume of absolute alcohol. 
An oil separated which after standing at 0° for several hours 
crystallized into beautiful sheaves of prisms. The yield, amount- 
ing to 4.1 gm., was practically quantitative; m.p., 195° with foam- 
ing. The peptide is insoluble in cold water and in organic solvents, 
but soluble in hot water. Its aqueous solution is acid to Congo 
red paper. 

CsH1,07N, (248.1). Calculated. C 38.64, H 4.88, N 11.28 
Found. ** 38.31, “ 5.04, “ 11.35 


a, y, 6-Triamino-A7*-Pentenic Acid 


CHNHCOG.H, CHNH; 
| 
CNHCOCG.H; re 


CH; CH: 


By ny "hs 3 
CHNHCOGH; 


COOCH; COOH 
I II 


It was found by Kossel and Edelbacher (17) that treatment of 
histidine ester with an excess of benzoyl chloride resulted in an 
opening of the imidazole ring with the formation of a tribenzoyl 
unsaturated aliphatic ester (I). These authors did not go beyond 
the formation of this derivative of histidine. It was found that 
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simple splitting off of the benzoyl groups from the a, ,é-triben- 
zoyltriamino-A’*-pentenic acid methyl ester (I) by means of 
concentrated hydrochloric acid resulted in the formation of the 
corresponding free triamino acid (II) as the trihydrochloride salt. 

To 9.4 gm. of a,y,é-tribenzoyltriamino-A’*-pentenic acid 
methyl ester was added a mixture of 150 cc. of concentrated HCl 
and 20 cc. of water and the entire mass was boiled for 5 hours 
under a reflux condenser. The solution is chilled, filtered from the 
benzoic acid, and the filtrate shaken out twice with ether. 

The aqueous acid solution yields a negative reaction with diazo- 
tized sulfanilic acid. It was taken down to dryness in vacuo and 
the dark colored residue taken up several times with water and 
evaporated each time to dryness. Finally the solution was taken 
to dryness in a vacuum desiccator over P.O; and solid NaOH. The 
residue was a black, gummy mass. On treatment with acetone 
it solidified and was ground up to a fine powder in a mortar with 
absolute alcohol. The black color is completely extracted by the 
alcohol, leaving the substance a dirty gray. This was filtered off 
and washed several times with alcohol. The yield of the crude 
material was 2.2 gm., or 60 per cent of the theory. The substance 
is dissolved in an excess of hot methyl alcohol and filtered. To 
the filtrate dry ether was added drop by drop until precipitation was 
complete. The triamino acid separated as the trihydrochloride 
salt in large rhomboid prisms. The melting point was 171-173°, 
the substance turning brown and foaming. 

The substance decolorizes bromine water. It yielded a copious 
precipitate with phosphotungstic acid. 


C;H,,0.N;Cl; + 1$H,0 (281.6) 
Calculated. C 21.30, H 6.06, N 14.92, Cl 37.7 
Found. ** 21.16, ‘* 6.48, “ 15.16, “ 37.2 


e, e'-Diamino-Di(a-Thio-n-Caproic Acid) 


O 
NHCOC,H,; NHCOC,H; 


Br — 


CH.CH;CH,CH:CHCOOH CH,CH:CH:CH:CHCOOH 
I II 
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NHCOC,H; NH; 
SH SH 


| | 
CH,CH,CH;CH;,CHOOH CH,CH;CH,CH,;,CHCOOH 
III IV 
- 7 
NH; 
eres ston 


s 
| 








Vv 


The starting material for the synthesis of this substance was 
e-benzoylamino-a-bromo-n-caproic acid (I) (5). Several methods 
are available for the replacement of the a-halogen by sulfur and 
after several trials the technique of Biilmann (4) in which 
potassium ethyl xanthogenate is used was adopted. 

e--Benzoylamino-a-X anthogenate-n-Caproic Acid (II)—A sample 
of 48 gm. (3 m) of potassium ethyl xanthogenate dissolved in 50 
ec. of water was treated with 31.4 gm. (1 m) of ebenzoylamino-a- 
bromo-n-caproic acid, and the mixture shaken for about an hour 
in an open flask until in solution. The flask was stoppered and 
allowed to stand for 24 hours at room temperature. The solution 
was then shaken out once with ether to remove some oil, and 5 N 
HCl added until the reaction of the mixture was acid to Congo red 
paper. A brown oil appeared which after standing for several 
days in the ice chest crystallized. The material was filtered off, 
ground up in a mortar with water, filtered, and washed thoroughly 
with water. The yield of crude dried xanthogenate acid was 32 
gm. or 94 per cent of the theory. It was crystallized twice from 
hot ethyl acetate. The substance separates from the solvent in 
short stout prisms and is slightly yellow in color. M. p., 112-114° 
to a clear yellow liquid. 


CisHaNO,S, (355.29). Calculated. N 3.94, S 18.1 
Found. * 4.35, “ 18.7 
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e-Benzoylamino-a-T hiol-n-Caproic Acid (III)—A sample of 26.0 
gm. of the xanthogenate acid was dissolved with warming in 150 ce. 
of absolute alcohol, cooled, and then treated with 100 cc. of 27 
per cent NH; solution in water. Enough alcohol was then added 
to bring the bulk of the solution nearly to the capacity of the flask. 
The latter was allowed to stand at room temperature for 3 days. 
The solution was then taken down to an acid-reacting syrup on 
the water bath, made slightly alkaline by addition of ammonia 
water, and shaken out twice with ether. To the cooled aqueous 
solution, concentrated HCl was addéd until the reaction was acid 
to litmus and then several pieces of Zn granules were added. The 
hydrochloric acid was now added further until the final reaction 
was acid to Congo red paper. A heavy oil separates which on 
continuous rubbing solidifies. The solid mass was broken up to a 
fine powder and allowed to stand in contact with the Zn-HCl 
mixture overnight in order to reduce any disulfide present. The 
mass is then filtered off, washed thoroughly with water, and then 
extracted several times with boiling absolute alcohol. The 
combined alcoholic extracts are filtered hot from the Zn particles 
and treated with hot water. The e-benzoylamino-a-thiol-n-cap- 
roic acid crystallizes out rapidly on cooling in large white prisms. 
It is filtered off, washed with water, then with dilute alcohol, and 
dried. The yield was 14 gm. or 80 per cent of the theory. M.p., 
158° sharply to aclear liquid. It yielded a positive nitroprusside 
reaction. 


CisH,;NO,S (251.2). Calculated. N 5.57, S 12.6 
Found. “« 5.36, “12.2 


¢-Amino-a-Thiol-n-Caproic Acid-HCl (IV)—An amount of 95 
gm. of e-benzoylamino-a-thiol-n-caproic acid was dissolved in a 
liter of hot concentrated HCI and boiled under a reflux condenser 
for fully 12 hours. The solution was allowed to cool overnight, 
the benzoic acid filtered off, and the yellowish colored filtrate 
shaken out twice with ether. The aqueous solution was then 
evaporated in vacuo to a syrup, taken up in water several times, 
and evaporated each time to remove excess acid. The entire 
syrup plus a few crystals of unattacked benzoyl compound was 
taken up in about a liter of water, heated with norit, and filtered. 
The filtrate was then treated with 8 liters of saturated HgCh 
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solution with stirring. A white oil. first appears which in a few 
minutes turns crystalline. The mixture was allowed to stand 
overnight. The mercury salt is then filtered off, washed with 
dilute reagent, and dissolved with slight warming in 500 cc. of 10 
per cent HCl solution. The latter was treated with H,S, the 
mercuric sulfide removed with the aid of norit, and the clear 
filtrate evaporated in vacuo to a thick syrup. The latter is taken 
up several times in water to remove excess acid. On standing in 
the ice chest for several weeks the syrup becomes crystalline. 
With previously prepared seed crystals, complete crystallization 
is effected within an hour. The crystal mass is thoroughly dried 
in vacuo over NaOH. It is then dissolved in hot absolute ethyl 
alcohol, filtered, and treated with dry ether. On cooling, there 
crystallize large macroscopic prisms of the hydrochloride of 
e«amino-a-thiol-n-caproic acid. The yield amounted to 36 gm. 
The substance began to soften at 117° and melted to a clear liquid 
at 123°. The nitroprusside reaction was positive. 


CsHuNO.SCI (199.62). Calculated. C 36.07, H 7.07, N 7.01, 8 16.2 
Found. ** 35.92, “* 6.99, “* 7.03, “‘ 16.9 


¢,¢-Diamino-di(a-Thio-n-Caproic Acid) (V)—A sample of 35 
gm. of the eamino-a-thiol-n-caproic acid hydrochloride was dis- 
solved in 240 ce. of water. With cooling, enough 10 per cent NH; 
solution was added to make the mixture slightly alkaline, and then 
3.5 ec. of FeCl; solution (1:6). The color became deep purple- 
red. A stream of air was blown through the solution for 10 
hours at the end of which time the purple color had disappeared. 
The solution was filtered and the filtrate evaporated in vacuo at a 
bath temperature of 35° toa syrup. The remainder of the drying 
occurred in a vacuum desiccator over POs. On alternate rubbing 
and decantation with absolute alcohol, the entire mass is trans- 
formed into a fine amorphous and hygroscopic powder. The 
material is suspended in 95 per cent alcohol and shaken on the 
machine for several hours to remove as much ammonium chloride 
as possible. The shaking is then repeated, 80 per cent alcohol 
being used with alternate decantation and renewal of diluted 
alcohol until the material yields a negative test for chloride ion. 
The material was then filtered off, washed with diluted alcohol, 
and then dissolved in the minimum amount of water. The latter 
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was shaken with norit, filtered, and to the clear colorless filtrate 
absolute ethyl alcohol was added in excess. An oil separates 
which after several days standing in the ice chest crystallizes into 
large feathery needles. The supernatant mother liquor is decanted 
and the precipitation procedure repeated two or three times. The 
amino acid is then filtered off, washed with alcohol and ether, and 
dried in vacuo. The yield of pure substance was 23.6 gm., or 84 
per cent of the theory. M. p., 207° with decomposition. The 
compound is easily soluble in water due most probably to its 
highly polar nature. It is insoluble in organic solvents. The 
aqueous solution is acid to litmus. On warming the aqueous 
solution with basic lead acetate the molecule is disrupted and PbS 
is formed. 


CyH»O.N S82 (324.31). Calculated. Cc 44.40, H 7.46, N 8.63, Ny] 19.8 
Found. ** 44.33, “* 7.58, “* 8.37, ‘* 20.2 


e,€'-Diguanido-di(a-Thio-n-Caproic Acid)—An amount of 4.418 
gm. of O-methylisourea hydrochloride (16, 20) in about 20 ce. of dry 
methyl alcohol solution was chilled in a freezing mixture and then 


18.9 cc. of sodium methylate solution (2.11 N) were added. The 
sodium chloride was filtered off through a layer of infusorial earth 
and to the filtrate were added 2.78 gm. of e , e’-diamino-di(a-thio-n-ca- 
proicacid). ‘Themixture was heated toabout 50° and small portions 
of water added until in solution. The solution was filtered clear 
and placed in the ice chest. Crystallization of the guanidine deriv- 
ative began after 24 hours and was apparently complete in 5 days. 
The yield was 1.5 gm. or 43 per cent of the theory. It was dis- 
solved in a little hot water and treated with an excess of absolute 
ethyl alcohol. An oil appears which after standing in the ice 
chest for 48 hours crystallizes into aggregates of tiny needles. 
M.p., 178-180° with foaming. The aqueous solution of the 
guanido acid was alkaline to litmus. On prolonged boiling with 
basic lead acetate the molecule is disrupted, yielding PbS. Other- 
wise it is quite stable even in hot water. The acid yields a positive 
Sakaguchi reaction. 
CisH2sO.NoS: (408.40). Calculated. C 41.13, H 6.91, N 20.58, S 15.70 


Found. “* 40.91, “ 7.34, “ 18.60, “ 15.70 
** 18.42 
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The nitrogen analysis values are too low by approximately 10 
per cent. In view of the excellent agreement between the theo- 
retical and calculated values for the other elements, this discrep- 
ancy is inexplicable. 

e,€'-Diphenylureido-di(a-Thio-n-Caproic Acid)—An amount of 
1.62 gm. of ¢,e’-diamino-di(a-thio-n-caproic acid) was dissolved in 
10 ec. of N KOH and the solution chilled in the ice bath. With 
continual shaking, 1.19 gm. of phenyl isocyanate were added in 
small portions. The solution was filtered and to the clear filtrate 
5 n HCl was added to Congo blue. The phenylureido derivative 
crystallized out immediately. It was filtered off, washed thor- 
oughly with large quantities of water, and then dried in vacuo. 
The yield amounted to about 95 per cent of the theory. The 
substance began to melt at 81°, then became solid above this 
temperature, and finally decomposed at 140°. 


CoHssOcN.S2 (562.3). Calculated. C 55.48, H 6.09, N 9.98 
Found. ** 55.24, “* 6.09, “ 10.38 


SUMMARY 


The syntheses of three new tetravalent amino acids have been 
described; namely, a-aminotricarballylic acid, m. p. 196°, a,y,6- 
triamino-A’*-pentenic acid, m. p. 171-173°, and e,e’-diamino-di- 
(a-thio-n-caproic acid), m. p. 207°. To further characterize the 
latter substance, its ¢,e’-diguanido derivative, m. p. 178—180°, 
and its e,e’-diphenylureido derivative, m. p. 140°, were prepared. 
The peptide of a-aminotricarballylic acid, namely glycyl-a-amino- 
tricarballylic acid, m. p. 195°, was also prepared. The inter- 
mediate steps are described. 
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STUDIES OF MULTIVALENT AMINO ACIDS AND 
PEPTIDES 


II. THE SYNTHESIS OF CERTAIN DERIVATIVES OF LYSYL- 
GLUTAMIC ACID 


By JESSE P. GREENSTEIN 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, January 4, 1935) 


The dipeptide, lysylglutamic acid (1), contains two amino groups 
and two carboxyl groups. The physicochemical properties of this 
tetrapole are elsewhere considered (4). The action of ereptic 
enzymes upon this compound has also been studied, as well as 
upon its benzoyl derivative (3). In the case of both substances, 
enzymic activity was relatively slow. 

It would seem of interest to prepare further derivatives of this 
interesting dipeptide in which certain of the free groups are either 
masked or substituted. The present communication is concerned 
with the preparation of two derivatives of lysylglutamic acid, 
namely its diketopiperazine, anhydrolysylglutamic acid amide, 
and its eguanido derivative, eguanido-a-aminocapronylglutamic 
acid. 

The investigations of Matsui (7) and Ishiyama (5) have indicated 
that activated trypsin slowly splits those diketopiperazines which 
contain one or more free carboxyl groups. The anhydrolysyl- 
glutamic acid amide is a diketopiperazine with a free «amino 
group on the lysine residue of the ring, and a free y acid amide 
group on the glutamic acid residue. Were diketopiperazines 
actually part of the structure of the protein molecule, many of the 
free groups of lysine and of glutamic acid might conceivably exist 
in the fashion indicated in the present anhydride model. 

Up to the present time no peptides have been prepared contain- 
ing arginine in the acyl position. The new method described by 
Bergmann, Zervas, and Rinke (2) for the introduction of arginine 
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into peptide combination has yielded glycylarginine in which 
arginine has been the second member of the dipeptide. The 
introduction of an e-guanido group into a dipeptide containing a 
diamino acid in acyl position such as in lysylglutamic acid would 
yield an arginine-like dipeptide derivative, differing from a true 
arginine peptide by possessing in the former case an extra CH, 
group. The addition of a guanidine nucleus to the ecarbon atom 
of the lysine residue of lysylglutamic acid was easily accomplished 
by the procedure first applied to the amino acids by Kapfhammer 
and Miiller (6). This method involves the use of O-methyliso- 
urea. Unfortunately the compound could not be obtained in 
crystalline form. 

The investigation of the action of proteolytic enzymes on these 
and similar peptide derivatives will be reported in a later 
communication. 


Anhydrolysylglutamic Acid Amide 
NH; 


CH,CH;CH;CH:CHCONHCHCH,CH,CONH; 
NH———00 


The lysylglutamic acid employed in this and the following 
synthesis of the eguanido derivative was prepared according to 
the method of Bergmann, Zervas, and Greenstein (1). 


EXPERIMENTAL 


2 gm. of lysylglutamic acid-2H,O are suspended in 20 cc. of 
absolute methyl! alcohol, the mixture chilled in an ice bath, and 
then dry HCI gas passed through the mixture to saturation. The 
solution was evaporated in vacuo at a low temperature to a syrup, 
the latter taken up in methyl alcohol, and the esterification and 
subsequent evaporation in vacuo repeated. Inasmuch as the 
ester hydrochloride syrup failed to crystallize, it was taken up in 
the minimum amount of dry methyl alcohol and carefully added 
with chilling to 40 cc. of dry methyl alcohol saturated at 0° with 
dry ammonia gas. The entire solution is allowed to stand for 5 
days in the ice box, at the end of which time maximal crystalliza- 
tion of the diketopiperazine derivative in the form of tiny needles 
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had occurred. The substance was filtered off, washed with alcohol 
and ether, and dried in vacuo. The yield amounted to 1.0 gm. or 
about 60 per cent of the theory. The melting point of the crude 
substance was 226-235° with charring. It was dissolved in the 
minimum amount of water, filtered, and the filtrate treated with 
an equal volume of absolute alcohol and then with an excess of dry 
ether. An oil appeared which after standing overnight in the ice 
chest crystallized into needles. The material was filtered off, 
washed, and dried in vacuo. The yield of pure substance was now 
0.65 gm. It melted sharply at 242°. The aqueous solution was 
slightly alkaline to litmus and on addition of strong alkali evolved 
NH. 


CiH2:N,O;Cl (292.66). Calculated. C 45.20, H 7.23, N 19.14 
Found. ** 45.55, “* 7.32, “* 18.90 


e-Guanido-a-A minocapronylglutamic Acid—Attempts to prepare 
homologues of arginine were reported by Winterstein and Kiing 
(8). The latter used cyanamide in the addition reaction on the 
end-standing amino groups of a, 6-diaminopropionic acid and of 
lysine. They were successful in forming a §-guanido-a-amino- 
propionic acid but failed to prepare the corresponding guanido 
derivative of lysine. The strongly basic properties of these 
molecules would be expected to inhibit the reaction with cyan- 
amide. As indicated below in the present reaction of lysylglutamic 
acid with O-methylisourea, only one guanidine group is introduced 
in the molecule. Boiling the monoguanidopeptide with concen- 
trated HCl hydrolyzes the peptide bond, yielding in the case of an 
a-guanido-substituted lysine residue the corresponding creatinine 
analogue, anhydro-a-guanido-e-aminocaproic acid. In the case 
of an e-guanido-substituted lysine residue the hydrolysis products 
would yield the unaltered e-guanido-a-aminocaproic acid as the hy- 
drochloride salt. In the former case the Sakaguchi reaction would 
be negative, in the latter case positive. On treating lysylglutamic 
acid with excess of O-methylisourea there is formed a monoguani- 
domonoaminocapronylglutamic acid which yields, as would be 
expected, a positive Sakaguchi reaction. After boiling with 
concentrated HCl, the hydrolysis mixture yielded again a strongly 
positive Sakaguchi reaction, indicating that the guanido group 
was on the e-carbon atom of the lysine residue. 

A solution of 2.8 gm. of O-methylisourea in 20 cc. of absolute 
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methanol was treated with 2.3 gm. of lysylglutamic acid. The 
mixture was then shaken at room temperature until complete 
solution occurred and then set in the ice chest. After 48 hours an 
excess of absolute alcohol was added, resulting in the separation 
of a dense flocculent precipitate. The latter was filtered off and 
washed rapidly with alcohol and ether as it is somewhat hygro- 
scopic. After complete drying in a vacuum it is no longer hygro- 
scopic. The yield was rather low, amounting to only 0.9 gm. 
The substance was dissolved in the minimum amount of cold 
water, filtered, and to the filtrate absolute alcohol added in excess. 
An oil separates which after standing in the ice chest for several 
days solidifies. The yield sinks following this procedure to 0.12 
gm. The melting point was 95° with foaming. The aqueous 
solution was quite alkaline to litmus, gave a positive Sakaguchi 
reaction, and yielded a dense precipitate with phosphotungstic 
acid. A sample of 0.10 gm. was boiled with 10 cc. of 5 Nn HCl for3 
hours. At the expiration of this time it was evaporated to a 
syrup in vacuo to remove as much HCl as possible. The residue 
yielded a strongly positive Sakaguchi reaction. 


Ci2H2:0;N; (317.2). Calculated. C 45.39, H 7.31, N 22.10 
Found. “© 45.12, “ 7.71, “ 22.38 
Calculated for diguanidocapronylglutamic acid: C 43.43, H 7.01, N 27.28 


SUMMARY 


The preparation of two derivatives of the dipeptide lysyl- 
glutamic acid is described. These derivatives are anhydrolysyl- 
glutamic acid amide as the hydrochloride salt, m. p. 242°, and 
e-guanido-a-aminocapronylglutamic acid, m. p. 95°. 
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CYSTINURIA* 
III. THE METABOLISM OF SERINE 


By ERWIN BRAND anv GEORGE F. CAHILL 
(From the Department of Chemistry, New York State Psychiatric Institute 
and Hospital, and from the Squier Urological Clinic of the 
Presbyterian Hospital, New York) 


(Received for publication, February 27, 1935) 


Although the cystinuric individual can completely oxidize 
orally administered cystine, it has been shown recently’ that 
cysteine and methionine are only partially oxidized in this disease. 
The greater part of the sulfur of the latter two amino acids appears 
in the urine as extra cystine. These findings were interpreted as 
indicating that one of the pathways of methionine metabolism is its 
conversion into cysteine, the first step being probably a demethyl- 
ation to homocysteine. More insight into the complicated 
mechanisms involved could be gained only by further experiments. 

In view of the close structural relationship between cysteine 
(8-thiol-a-aminopropionic acid) and serine (§-hydroxy-a-amino- 
propionic acid), it was of interest to investigate the fate of the 
latter amino acid* in the cystinuric organism. It will be seen 
from the data presented below that the feeding of dl-serine or of 
dl-serine plus I-cystine did not alter the urinary cystine excretion. 


EXPERIMENTAL 


The metabolic observations were carried out on the same 
patient and in the same manner as previously described.' 
It can be seen from Table I that the nitrogen, sulfur, and 


* Aided by Grant 335 from the Committee on Scientific Research, Ameri- 
can Medical Association. 

1 Brand, E., Cahill, G. F., and Harris, M. M., J. Biol. Chem., 108, 69 
(1935). 

? Serine does not promote growth of rats upon a diet deficient in cystine; 
cf. Jackson, R. W., and Block, R. J., J. Biol. Chem., 98, 465 (1932). 
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cystine excretion in control Periods 15 and 16 resemble closely the 
control periods reported in the preceding publication.' The 
administration of 4 gm. of dl-serine (Period 15-a) and of 2 gm. of 
dl-serine plus 3.2 gm. of cystine (Period 15-b) did not change the 
daily excretion of cystine as determined by the Folin and the 
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Urine 

- Nitrogen Guu Sulfur Cystine 

Z F 3 2 \3 : 
$3 g £ g § 

3 <3 & 3 as| oz & = 
Ela} 2 |dlflelg]2/2/Bldel2|3 
~_ gm. | gm. | gm. | gm. | gm. | gm. | gm. | gm.7 gm. | gm. | gm. 

15* 9-14 5.9] 4.2/0.22/1.07/1.29/0.56/0.26/0.05/0.72/0.62 
l5-a |15 Serine 1 5.9) 4.9/0.15)1.07|1.34/0.51/0.22/0.04/0.7110.60 
16 1 5.9) 4.5/0.15)1.10)1.32/0.53/0.22/0.07/0.73)0.60 

17 2 | 5.7| 4.3/0.16/1.07/1.260.4910.20/0 04/0 .69/0.58 

15-b {18 Serine + | 2 | 6.2) 4.2)0.15/1.03/1.34)1.02/0.70/0.04/0 .62/0.57 

cystine | 3.2 

15-c |19 5.6) 4.2/0.16)1.12/1.34/0.61/0.32/0.05)0.72/0.60 
20 5.7) 4.2/0.15)1.09)1.32/0.59/0.29/0 .05/0. 70/0 .58 

16* (21-24 5.5} 3.9/0. 12/1.08)1.22/0.52/0.22/0.05/0.71/0.60 


























* In these periods figures indicate average daily excretion. 


Sullivan methods. It may be noted also that the rise in inorganic 
sulfate following the ingestion of serine plus cystine is not different 
from that observed in the previous experiments with cystine alone. 


SUMMARY 


1. Serine and serine plus cystine were fed to a cystinuric patient. 
2. The level of cystine excretion remained unchanged during 


the feeding periods. 























THE VAPOR PRESSURE OF HUMAN BLOOD BY HILL’S 
THERMOELECTRIC METHOD. APPARATUS 
AND TECHNIQUE 


By ROBERT W. CULBERT 


(From the Department of Diseases of Children, College of Physicians and 
Surgeons, Columbia University, and the Babies Hospital, New York) 


(Received for publication, February 20, 1935) 


In 1930 Margaria (1) determined the normal vapor pressure 
of adult defibrinated blood, using the thermoelectric method 
suggested by Hill (2). Hill’s description of the apparatus, while 
presented in some detail, is not readily applicable to the construc- 
tion of the instrument from materials obtainable in this country. 
Moreover, it was found by experience that a number of important 
points, not previously stressed, must be kept in mind to insure the 
building of a workable thermopile. It is felt that concise informa- 
tion as to materials and technique will be of some value and the 
details here introduced represent the instrument as constructed 
in this laboratory and used in the present experimental work. 

The present report deals with the application of this method to 
the determination of normal values of vapor pressure for infants’ 
and children’s blood, there being no previous reports of this nature 
as far as can be determined. In a somewhat related field Gilman 
and Cowgill (3) have shown that simultaneously collected dog 
blood, hepatic bile, pancreatic juice, and lymph are practically 
isotonic, while artificially produced variations in blood osmotic 
pressure result in parallel changes in these fluids. Again, Gilman 
and Yudkin (4), using the same thetmoelectric method, noted that 
the aqueous humor is isotonic with the blood of the dog. Groll- 
man (5) applied this technique in a form slightly modified so as to 
increase its sensitivity, in his studies of the vapor pressure of 
mixed aqueous solutions with reference to the state of water in 
biological fluids. 

The method depends upon the difference in temperature attained 
by opposite faces of a symmetrically wound thermopile when on 
547 
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one face is a filter paper saturated with the defibrinated blood while 
on the other is placed a similar piece of filter paper soaked in a 
standard sodium chloride solution. The temperature difference 
resulting from the unequal rates of evaporation from the two faces 
produces an £.M.F. proportional to this difference, which is read 
on a sensitive galvanometer. The thermopile having been pre- 
viously calibrated with NaCl solution of accurately known concen- 
tration, the vapor pressure of the blood can be calculated in terms 
of the standard solution. 


Apparatus 


As shown in Fig. 1, the apparatus consists of a thermopile wound 
on an insulated brass frame and screwed into the cover of a cylin- 
drical brass case, the whole being attached to a heavy brass tube 
about 2 feet long which carries the lead-in wires from the copper 
terminals supported by the hard rubber base fitted to the upper 
extremity of the tube. This tube B with an outside diameter of 
# inch and inside diameter of } inch serves also for the exit of gas 
from the chamber C, formerly a microscope objective case of 25 cc. 
capacity. The small brass tube A, running parallel to B and 
fastened to the latter for support, also passes through the cover; 
it is } inch in outside diameter and serves for the admission of gas 
to the chamber, an appropriate stop-cock being attached at its 
upper end when in use. The thermopile frame £ is constructed of 
} inch square brass rods so that the outside dimensions are ? inch 
by linch. It was found that this size frame cleared the wall of the 
chamber by about 2 mm. on either side when the instrument was 
complete and insulated ready for use. The four elements com- 
posing the frame may be fastened together in the most convenient 
way, 7.e. dovetail, countersunk screws, hard soldering, etc., the 
only essential feature being solidity of construction. To the frame 
E is attached a small piece of brass tubing, } inch outside diameter 
and 1} inches long. This short tube serves as a convenient handle 
for the thermopile during subsequent treatment and winding. 
As may be seen in Fig. 1, its free end is threaded to the heavy brass 
tube, into which it is finally screwed when the instrument is 
assembled. Thus the thermopile is held mechanically firm at all 
times. Two 3; inch holes are drilled through the short tube near 
its upper threaded portion, as shown, one of which serves for the 
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entrance of the lead-in wires D to the chamber, while the other 
serves as a gas outlet as well as for equalizing the pressure of gas 
within the case with that of the atmosphere when the instrument 
is in operation. A 7s inch hole F through the bottom of the 
thermopile permits equalization of the gas pressure within the 
winding with that of the chamber. This hole must be kept patent 
at all times during construction, as well as when the instrument 
is in use, for expansion of confined gas within the winding would 





Fig. 1. Schematic section showing thermopile in brass container 


blow out the varnish coating, to be described below, and ruin the 
thermopile. The dimensions suggested here represent only the 
size found most convenient for the type of experiment reported; 
they may well be varied to suit other work. It may be said in 
general, however, that larger instruments and containers offer no 
advantage from the standpoint of accuracy and that they require 
a longer time for equilibration in the constant temperature bath, 
besides requiring more fluid to cover their faces. In fact, as has 
been pointed out by Grollman, sensitivity may be increased by 
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decreasing the distance between face and wall, since there is a 
gradient of vapor pressure between the solution on the wall and 
those on the faces. Because proximity increases this gradient 
and causes a more active exchange by evaporation or condensa- 
tion at the thermopile faces there results a greater temperature 
difference between the two faces with a correspondingly increased 
E.M.F. 

The brass frame, having been previously cleaned and smoothed 
down, preferably on a buffing wheel, is covered with a thin coat of 
No. BV-1307 bakelite varnish which has been properly thinned 
to the consistency of light machine oil with No. BV-1030 bakelite 
thinner. Brushing on the varnish produces a more evenly distrib- 
uted coating than dipping. The instrument is then allowed to 
dry in a dust-free atmosphere for 4 to 8 hours, after which it is 
placed in an oven for baking. The oven is gradually brought to a 
temperature of 85° and is maintained at this level for } to ? hour 
when the temperature of the oven is raised to 130°, where it is 
kept for 4 hour longer. Then the oven is turned off and the 
instrument allowed to return to room temperature slowly, for rapid 
cooling may crack the varnish coating, which is made very hard by 
the baking process. Five or six coats of varnish are necessary, 
each one being baked in the same manner as the first. When 
this is done, the brass frame will be covered with a hard, effective 
insulator which, at the same time, is not thick enough to modify 
greatly the heat-conducting quality of the brass. 

The frame, satisfactorily varnished, is now ready for winding. 
Two pieces of thin high grade paper are lightly shellacked, dried, 
and then placed along the sides of the frame upon which the 
winding is to rest. They may be held in place temporarily by small 
rubber bands until a turn or two of the wire is wound. These 
papers act as a protection to the varnish, preventing the wire from 
cutting through with the possibility of short circuit. A No. 36 
Brown and Sharpe gage bare constantan wire of highest quality is 
used, which may be obtained from Leeds and Northrup Company. 
An appropriate anchorage, such as a double half-hitch of wire, is 
made at the upper end of the frame and the winding is started 
either by hand or on a lathe. The turns are placed as close 
together as possible, without touching; there will be about 60 in all. 
The tensile strength of the thin wire is not very great, but it is 
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important that the tension on the wire be kept constant through- 
out the winding, for during later heat treatment much distortion 
occurs if the tension has been varied appreciably. It may be 
mentioned that the handling of the wire is best accomplished with 
gloves; otherwise the grease and oil which accumulate will be 
difficult to remove without damage to the coil. A chemically 
clean wire is necessary for plating. In order to insure a clean, 
shining wire, a double silk-covered No. 36 Brown and Sharpe gage 
constantan wire may be stripped of its insulation by gently rubbing 
about 20 feet of the stretched wire with No. 000 sandpaper, while 
wearing gloves, and then rewinding it back on the spool. The 
wire, with its freshly exposed surface, is free of troublesome oxide 
film and takes the silver plate evenly. 

The ordinary double silver cyanide plating solution (6), some- 
what diluted, gives very satisfactory results. It may be prepared 
as follows: 

To 500 cc. of a saturated solution of silver nitrate, freshly 
prepared, saturated sodium cyanide solution is added until no 
further precipitation occurs, care being taken that excess NaCN 
isnot added. The precipitated silver cyanide, AgCN, is washed 
several times with distilled water by decanting, and NaCN is 
added again in sufficient amount to dissolve the precipitate, 
solution occurring because of the formation of the complex 
argenticyanide ion, Ag(CN:)~, to which the desirable properties 
of the plating bath are in large measure due. Excess NaCN, 
amounting to about one-third the total volume of the solution, 
may now be added; it facilitates plating and maintains the anodes 
clean and white. Finally, the solution is diluted to 1600 cc. with 
distilled water and allowed to stand 24 hours before being used. 
In this diluted state there.is no noticeable action of the cyanide 
on the baked varnish exposed to it for 1 hour. The varnish is 
rapidly softened by commercial silver plating cyanide baths. 

The anodes, two in number, and about 3 inches square, may be 
of thin sheet silver obtainable from Eimer and Amend. Should 
they become discolored during plating or from exposure to air, 
they may be cleaned by dipping in saturated NaCN solution or by 
rubbing the solution over their surfaces with gauze compresses. 
The discoloration usually means that there is insufficient NaCN 
in the plating bath, but large excess must be avoided for the reason 
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given. Slight discoloration of the anodes does not interfere with 
the plating. 

A large specimen jar about 10 inches in diameter and 4 inches 
deep makes a suitable plating tank. The thermopile is so sus- 
pended that one-half of each turn of wire will be plated, 7.e. with 
the long axis of the instrument horizontal and the plane of the coil 
at right angles to the surface of the bath. The line of plate on 
each face must be at the mid-line, parallel to the long axis of the 
instrument. The latter is rigidly supported, as are also the anodes, 
which are placed opposite each face and as far away from the 
thermopile as possible. It is important that no rippling of the 
liquid occur, since the line of juncture between the plated and the 
unplated portion must be distinct. Therefore all connections are 
made before the plating solution is poured into the jar. A 500 
ohm rheostat of the continuously variable type, together with a 
milliammeter and switch, are placed in series with the positive 
terminal of a fully charged 6 volt storage battery and the anodes. 
A piece of copper foil is snuggly attached all along the upper 
border of the winding as well as to the thermopile leads and thence 
to the negative terminal of the battery. This insures a uniform 
deposition of silver. The solution is introduced from a funnel and 
connecting tube directly into the bottom of the tank by means of a 
controlling stop-cock, so as to regulate the height to which the 
liquid rises and at the same time avoid rippling of the bath. It is 
easier to judge the point where the solution meets the center of 
the instrument if the thermopile has been previously marked. 
Should the solution get on any portion of the unimmersed wire, 
silver will be deposited. Thisis obviously undesirable. A current 
of from 4 to 6 milliamperes is allowed to flow for about $ hour anda 
smooth white deposit of silver results. Excess current causes the 
emission of bubbles near the ends of the coil and produces a loose, 
irregular deposit of silver with discoloration of the plate. In this 
event the thermojunctions will not be distinct. Therefore the 
entire 500 ohms should be included in the circuit at the start and 
the proper current value determined by observing the manner 
of deposition of the plate. After plating, the instrument is 
washed with distilled water until the last trace of cyanide has been 
removed. If the instrument is removed from the bath in exactly 
the same relative position which it held while immersed, and 
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water is gently poured over it, the stream will flow from the dry 
toward the plated portion, thereby preventing the cyanide solution 
from creeping upward. The instrument may be dipped into a 
beaker of water after the first washing has been completed. After 
drying overnight at room temperature, the last traces of moisture 
are removed by heating in a thermostat at 70° for 1 hour. The 
thermostat should be brought up to 70° gradually and after the 
completion of drying allowed to cool slowly. To avoid oxidation 
of the silver plate varnishing of the instrument should not be 
delayed. 

The varnishing of the plated thermopile is accomplished in the 
same manner as that of the frame, as previously described. The 
varnish is applied with a soft camel’s-hair brush, avoiding excess, 
and the instrument allowed to dry as before. It is advisable when 
baking to raise the oven temperature a little more slowly than 
previously to 85°, followed by baking at 130° for 4 hour. After 
five or six coats have been applied the thermopile will be imbedded 
in a smooth translucent matrix of varnish with no intervening free 
spaces between the turns. 

The instrument is then screwed into the heavy brass tube and 
the thermopile leads soldered to the rubber-covered copper termi- 
nal wires. These terminal wires must be free from tin coating 
such as is often found on insulated wire. The thermopile, includ- 
ing the soldered leads, is next immersed in a mixture of equal 
parts of paraffin and beeswax at 85°. The wax is allowed to drain 
off; with a little practise a smooth thin coating results. The 
instrument is reparaffined at 4 to 8 day intervals depending upon 
the extent to which it is used. The small hole in the bottom of the 
frame must be kept patent at all times for the reasons previously 
mentioned. One or two coats of varnish are baked onto the 
interior of the chamber to avoid electrolytic action when filter 
paper soaked in NaCl solution is placed on the wall. 


Theory and Method of Calibration 


The theory of operation has been thoroughly presented by Hill 
(7) and Margaria (1) and is appended here merely for the sake of 
completeness. Suppose that on face A of the thermopile is 
placed a filter paper moistened with a solution a, while on face B 
is placed a similar filter paper with a solution b, and on the wall of 
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the chamber is a large filter paper moistened with a solution c. 
Let the vapor pressures of the solutions be represented by P., P,, 
and P,., respectively. Then the predominating vapor pressure in 
the chamber will be P. except in the immediate neighborhood of 
faces A and B, where the vapor pressures will be those respectively 
of the solutions a and b. The rate of evaporation from or conden- 
sation on face A will be K(P. — P,); that for face B, similarly 
K(P. — P»). When equilibrium is finally reached at constant 
temperature, the difference in temperature of the two faces will be 
represented by K’(P. — P.) for face A and for face B by K’(P. — 
P,). K’ is a constant dependent on barometric pressure, tem- 
perature, thermal conductivity, and design of instrument, etc.; it 
will be different for each thermopile. At equilibrium, then, the 
difference in temperature between the two faces will be K’(P, — 
P,), which is independent of P. for a perfectly symmetrical instru- 
ment. However, K’ tace 4 does not equal K’ face 2 in practise, for it 
would be very difficult to build a perfectly symmetrical thermo- 
pile; so that the temperature difference between the two faces is 


K’, (Pe — Pa) — K’, (Pe — Po) 


If the solutions on the thermopile faces are reversed in positions 
while the wall filter paper is left unchanged, and another determi- 
nation is made, the effect due to asymmetry is eliminated, for the 
mean of the two determinations may be calculated to be 


K' taco A + K’ tace B 
2 





(P. — P») 


where P, again cancels out. 

Actually, calibration is carried out by placing 0.92 per cent 
NaCl' solution on the chamber wall and also on one face of the 
thermopile, while on the other is a filter paper moistened with 
distilled water. The instrument is placed in a large constant 
temperature water bath at approximately 25°, controlled accurately 
to 0.001° by a vacuum tube relay system, and allowed to attain equi- 
librium. This requires about 20 minutes. A double pole-double 
throw switch, interposed between the galvanometer and the thermo- 


1 The term 0.92 per cent NaCl always means a solation containing 0.92 
gm. of dried sodium chloride per 100 gm. of distilled water. 
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pile, allows the direction of the current to be reversed and helps to 
eliminate the effects of parasitic E.m.F. which may be troublesome 
in a circuit of this kind. The sum of two switch reversals is noted 
(making one reading). Then the readings are repeated with the 
solutions on the faces reversed and the mean of the two readings is 
computed. This constitutes one double observation. The con- 


TaBLeE I 
Calibration of Thermopiles 
The water bath was at 25° + 0.001°; chamber walls, 0.92 per cent NaCl. 
Galvanom- Mean of en 


gm. per cent 
hae Face A Face B eter two reverse Nacl 
pi oO. deflarti ding mm. 
flection 











0.92% NaCl —478 .3 
—480.7 
—480.1 


0.92% NaCl 


0.92% NaCl 


0.92% NaCl 





477 .6 

















centration of NaCl per mm. of deflection of the galvanometer is 
readily obtained from this mean. The reversing switch is always 
closed in the same way and the leads from the switch to the thermo- 
pile, as well as the thermopile terminals, are so labeled that the 
same lead is always connected to its corresponding terminal on the 
instrument. In this way the initial direction of current through 
the galvanometer is established during calibration, for comparison 
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with the initial direction when the vapor pressure of a blood 
sample is observed, thereby indicating whether to add or subtract 
the value for the blood sample to or from the standard solution. 
An examination of Table I will make clear the method of calibra- 


TaBLeE II 
Readings on Blood Sample 
The water bath was 25° + 0.001°; chamber walls, 0.92 per cent NaCl. 
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Gal- a 7 deflection, 
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0.92% NaCl 


0.92% NaCl 


0.92% NaCl 


0.92% NaCl 























tion; Table II shows the procedure used in obtaining readings on a 
blood sample. 

The instruments were calibrated daily but before a thermopile 
was considered sufficiently accurate for blood work, blank tests 
were made by using a solution nearly isosmotic with the standard 
and then calculating its concentration from the galvanometer 
deflections. Thus, a 0.90 per cent NaCl solution was determined 
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opposite the standard 0.92 per cent NaCl. The instruments con- 
formed to an allowable error of 0.5 per cent. 

The galvanometer used was a Zernike moving coil, magnetic 
shunt, type D, manufactured by Kipp, Delft, Holland. It has a 
sensitivity of 1.0 to 0.25 microvolt per mm. of deflection at 1 
meter, and when set at one-half maximum sensitivity may be 
read easily to 0.2 mm. on a scale at 1 meter. 

The standard, containing 0.92 gm. of dried NaCl (Kahlbaum) 
per 100 gm. of water, was prepared in large amount. (In a few 
of the earlier experiments the standard solution contained 0.90 gm. 
of NaCl per 100 gm. of H,O.) The water content of these solu- 
tions was checked by drying and weighing in the usual manner, and 
in addition specific gravity determinations were made. When the 
solution was freshly prepared, its specific gravity was determined 
accurately at 25° with 50 cc. pycnometers. Thus, a convenient 
and accurate method was at hand for checking any variations in 
concentration of the standard solution. During the course of the 
work no significant deviation from the first specific gravity reading 
was observed. 

The blood was drawn from the median cubital vein in older 
children and from the external jugular in the case of infants. It 
was transferred to a small bottle containing glass beads and 
shaken to defibrinate. 2 cc. were found sufficient for four double 
observations. The appropriate size of filter papers, sufficient to 
cover the faces of the thermopile leaving about a 2 mm. margin 
all around, was either punched out with a steel die or cut in large 
numbers on a paper cutter. The large filter papers, for lining the 
chamber completely, were prepared likewise. A filter paper 
soaked in, but not containing an excess of, the freshly drawn 
defibrinated blood was placed on one face, while a similar filter 
paper, saturated with the standard 0.92 per cent NaCl solution, 
was laid smoothly on the opposite face of the thermopile, care 
being taken to avoid small air inclusions between the face and 
filter paper. By having the wall filter paper wet with 0.92 per 
cent NaCl also, very little change in concentration occurs in any 
of the fluids when dynamic equilibrium is established. The 
thermopiles were placed in the constant temperature bath at 25° 
and when equilibrium was established in 20 minutes the galvanom- 
eter deflections were recorded. 
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As was shown by Margaria (1), it is essential that the CO, 
tension of the blood samples be kept constant, if comparable 
results are to be obtained. Unless this is done, discrepancies 
appear which are well outside the limit of error of the method. 
Therefore, a gas mixture of 5.0 per cent CO, and 95 per cent O, 
was saturated with moisture at the temperature of the bath and 
then introduced into the thermopile chamber through tube A, 
Fig. 1. This gave a CO, tension about equal to that of arterial 
blood. When sufficient gas had passed through the system 
(about 250 to 300 cc.) tube A was closed with a stop-cock, tube B 
being left open. Thus, while convective currents were practically 
eliminated, the interior of the chamber was at atmospheric pressure. 
The gas mixture was analyzed in a Haldane apparatus at intervals 
during the course of the experiment and averaged between 4.5 
and 5.2 per cent CO,—an allowable variation for purposes of this 
work. The CO, sample for analysis was drawn from the system 
at the point where the gas entered the thermopile. 

When the 5.0 per cent CO, gas mixture is introduced into the 
chamber, it is dissolved by the 0.92 per cent NaCl in an amount 
corresponding to its partial pressure.? In terms of an osmotically 
equivalent quantity of sodium chloride, this amounts to 0.0036 
gm. of NaCl (8). The value, 0.0036 gm., is therefore added to the 
0.92 per cent NaCl as a CO, correction, making the standard solu- 
tion value 0.9236 gm. of NaCl per 100 gm. of H,0, and all values 
for blood samples are calculated from this value. 

While it is not strictly true that blood drawn from the vein 
aerobically, defibrinated, and then subjected to 5.0 per cent CO, 
represents the actual osmotic relation existing in capillary blood, it 
may be assumed for purposes of the experiment that it approaches 


2 The partial pressure of CO, dissolved in 0.92 gm. per cent (0.157 m) 
NaCl is calculated from data given in the ‘International critical tables,”’ 
volume 3. It amounts to 36.976 mm. of Hg at 25°. The volume V of CO; 
absorbed is then obtained from the expression, V = avp/760, where a equals 
the absorption coefficient of 0.157 m NaCl at 25°, v equals 100 (gm.) of solu- 
tion, and p is the partial pressure of CO, given above. Thus 

y= (0.736) (100) (36.976) 
760 
= 3.580 cc., or 0.0070 gm. at s.p.t. NaCl in 0.15 m concentration is about 
94.2 per cent ionized; therefore the osmotic equivalent of 0.0070 gm. of CO: 
in terms of NaCl is (1/1.942) (0.0070), or 0.0036 gm. of NaCl. 
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this condition approximately; but what is more important, it 
permits of a standardized technique in handling blood samples in 
air and yet subjecting them to constant environmental conditions 
before measurements are made. When measurements are made 
on the same sample of blood in both the equilibrated and unequi- 
librated state, it is found that in the latter instance the values are, 
in general, lower by the osmotic equivalent of about 0.03 gm. per 
cent NaCl. Therefore, it is probable that when the blood sample 
is subjected to a 5.0 per cent CO, tension, there occurs an increase 
in the amount of total osmotically active substances, principally 
as a result of the CO, effect on the hemoglobin. The shift of 
anions from cells to plasma and vice versa, as well as the water shift 
to maintain the osmotic equilibrium seems, in this case, to be 
largely a function of the amount of hemoglobin present in the 
sample, the total fixed base remaining constant. In fact, it was 
noted in the few cases in which the hemoglobin was high that the 
vapor pressure values were in the upper limits of the normal, 
although there was no reason to suspect abnormality of the total 
electrolyte otherwise. 


Results 


In order to appraise the accuracy, or better the reproducibility, 
of figures obtained by the method described in this paper, the 
probable error of measurement has been calculated. 50 analy- 
ses, performed in triplicate, 7.e. 150 determinations, were utilized 
in the calculation. The separate determinations on each sample 
were divided among three columns in the order in which the 
measurements were made, so that each column contained 50 
figures. The coefficient of reliability (r) was then computed 
between the first and sécond columns, between the second and 
third columns, and between the first and third columns by means 
of the formula*® 


zry 


"* Ver Jee 


in which z and y, respectively, refer to deviations from the average 
value for each column. The three r values so obtained were in 


’ The formulas used in the statistical treatment of the data are taken 
from Garrett (9). 
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close agreement. ‘Their average value was used for calculating 
the probable error of measurement from the formula P.E.q) = 
0.67450°/ 1—r the o being the average of the standard deviations of 
the three columns. The P.£.,y) so obtained was 0.0051 gm. per 
cent NaCl, which means that the chances are even that any single 
determination will not differ from the theoretical mean of an 
infinity of determinations on the same sample by more than this 
amount. Furthermore, the chances are 993 in 1000, 7.e. practi- 
cally certain, that a single determination will not differ from the 
true mean by more than 4 times this amount or 0.0204 gm. per 
cent NaCl. 

In practise it will rarely happen that a single determination 
only will be made on a sample. More commonly the analysis will 
be run in duplicate and the average of the two determinations 
accepted. In the study of the blood of 50 normal children, to be 
discussed in a moment, multiple determinations were made on 
each sample as follows: three determinations per sample eleven 
times; four determinations per sample thirty-seven times; five 
determinations per sample two times. It is obvious that the 
probable error of measurement will be decreased when the analyt- 
ical result represents the average of two or more determinations. 
The change can be calculated by first computing the effect of 
multiple determinations on the reliability coefficient. This is 
done with Spearman’s “‘prophecy”’ formula 


— 
1+(N-—I1)r 


Tz 


in which N represents the number of determinations which have 
been averaged to arrive at a result. By substituting r, for rin the 
formula previously given for P.E.qy) a new probable error of 
measurement will be obtained which expresses accurately the 
reproducibility of analyses which depend upon the average of 
several determinations. The calculation has been made for the 
vapor pressure method here described and discloses the following 
probable errors of measurement. 


P.E.(4) (single determination) 
™ (average of two determinations) 
“ ( “ce “ three “ce 
oe ( “cc oe four “cc 
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Tasxez III 
Vapor Pressure of Blood in Terms of Gm. of NaCl per 100 Gm. of Water 
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N “4 Sex Age pressure No. Sex Age 
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Average (50 samples) = 0.9029 gm. per cent NaCl. Standard deviation 
of distribution = 0.0171 gm. per cent NaCl. Probable error of average = 
0.0016 gm. per cent NaCl. . 


TaBLe IV 
Vapor Pressure Measurements 





No. of 


determinations Average 





Children 30, boys 0.9006 
20, girls 0.9053 
Adults (Margaria (1)) | 19, men 0.9447 
16, women 0.9269 
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The findings in this investigation on the blood of 50 normal 
children whose ages ranged from 1 month to 12 years are shown in 
Table III. The average value was 0.9029 gm. per cent NaCl and 
the standard deviation of 0.0171 gm. indicates that approximately 
two-thirds of the observations falls within the range 0.8858 to 
0.9200 gm. per cent NaCl. In Table IV the results with the thirty 
boys and twenty girls are analyzed separately. The probable 
error of the average for boys is 0.0020, for girls, 0.0026, while the 
probable error of the difference is 0.0024. Since the difference 
between the vapor pressure for boys and girls is 0.0047 gm. per 
cent NaCl, the values here obtained fail to indicate a significant 
difference between the vapor pressure of blood for boys and girls. 
This finding is at variance with that of Margaria (1), who has 
shown a significant difference in vapor pressure between men and 
women, the value for women being slightly lower than that of 
’ men. As may be seen in Table IV, the values of adults are higher 
than those of children, those for men being roughly 4.5 per cent 
greater than the measurements on boys, while the values for 
women are about 2.5 per cent higher than those of girls. Further- 
more, a comparison of the adult and child groups by means of the 
standard deviations or by computing the coefficients of variation 
suggests that a wider dispersion of values among the latter may be 
expected. 


SUMMARY 


1. The technical details of construction, operation, and calibra- 
tion of a thermopile devised by Hill are given. 

2. The values of the vapor pressure of infants’ and children’s 
defibrinated whole blood in terms of an osmotically equivalent 
solution of sodium chloride are presented. The average value 
for 50 samples of blood was 0.9029 gm. of NaCl per 100 gm. of 
H,0 with a probable error of the average of 0.0016. 

3. The data so obtained are treated statistically. The prob- 
able errors of measurement for one, two, three, and four determi- 
nations per sample are tabulated. 


The statistical treatment of the data was carried out by Dr. 
A. A. Weech to whom I wish to express my deep appreciation for 
his very kind assistance. 
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CARNOSINE AND ANSERINE IN MAMMALIAN SKELETAL 
MUSCLE * 


By WILLIAM A. WOLFF anv D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, January 23, 1935) 


Two imidazole derivatives, carnosine and anserine, have been 
isolated from vertebrate skeletal muscle. Carnosine may be 
readily obtained from the ox (1), horse (2), pig (3), ete. Anserine, 
a methyl carnosine, has been isolated from birds, a reptile (4), fish 
(5), and certain mammals (6). The presence of the two com- 
pounds in muscles from the same animal has been adequately 
demonstrated only once: Hoppe-Seyler, Linneweh, and Linneweh 
(4) obtained anserine and a small amount of carnosine from the 
crocodile. We report below information which, together with the 
data in a previous paper (6), demonstrates that both carnosine 
and anserine are present in the muscles of several mammals. 

Isolation of Anserine—The procedure of Ackermann, Timpe, 
and Poller (7) as modified by us (6) was employed for anserine 
isolations. Further modifications in the original procedure were 
made by precipitating copper anserine from aqueous solution with 
acetone and recrystallizing from ammonia, steps used by von 
Firth and Hryntschak (8) and Kuen (9) in the estimation of 
carnosine. In outline, the present isolations were made as follows. 
A concentrated protein-free aqueous extract of muscle was precip- 
itated with mercuric sulfate and alcohol. The mercury precipi- 
tate was decomposed with hydrogen sulfide and the solution was 


* This investigation was aided by grants made by the McCarthy Neuro- 
logical Foundation and the Faculty Research Committee of the University 
of Pennsylvania. It was reported in part before the Physiological Society 
of Philadelphia, May 15, 1933 (Wolff, W. A., and Wilson, D. W., Am. J. 
Med. Sc., 186, 155 (1933)). 
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then fractionated with barium hydroxide and silver nitrate. The 
lysine fraction was freed from silver and barium, concentrated, 
and precipitated with mercuric sulfate and alcohol. The mercury 
precipitate was decomposed, and the resulting solution, freed from 
sulfate, was concentrated and treated with copper carbonate. 
The copper anserine was precipitated by adding 5 volumes of 
acetone and allowing the mixture to stand 24 to 72 hours at 0°. 
The copper salt was dissolved in a minimum quantity of ammo- 
nium hydroxide (sp. gr. 0.90) and centrifuged. The ammoniacal 
solution was decanted from the insoluble residue, and diluted with 
4 or 5 volumes of water. The ammonia was allowed to evaporate 
spontaneously, the last traces being removed in vacuo over sulfuric 
acid. Any decrease in volume of liquid was made up by adding 
distilled water. When crystallization appeared complete, usually 
in 24 to 36 hours, the crystals were collected in a centrifuge tube 
and washed three times with small quantities of distilled water. 
The copper salt was recrystallized two or three times from ammo- 
nium hydroxide and finally dried in vacuo over sulfuric acid. 
In one preparation (opossum) leaching out the copper anserine 
with a little dilute ammonium hydroxide reduced the color value 
from 2.74 to 1.29 per cent. 

Isolation of Carnosine—Several difficulties arose in the isolation 
of relatively pure carnosine from muscles low in the compound. 
In dog muscle the carnosine determined colorimetrically accounted 
for only 2 or 3 per cent of the total extractive nitrogen. In the 
first carnosine fraction obtained with silver nitrate and barium 
hydroxide, the carnosine (diazo, colorimetric) nitrogen amounted 
to 20 per cent of the nitrogen present. ‘Two more fractionations 
with silver and baryta raised the carnosine nitrogen to 60 per cent 
of that present in the silver precipitate. Owing to losses of carno- 
sine, only two or three treatments with silver and baryta were 
practicable. 

The precipitability of carnosine changed considerably as the 
isolation proceeded. From a relatively crude extract most of the 
carnosine precipitated with silver and baryta in the pH range 8 to 
11. In the second and third fractionations it precipitated almost 
completely between pH 6 and 7.5. In the later stages of the 
preparation it was precipitated by mercuric sulfate much more 
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readily than in the early stages. In the final precipitation with 
mercuric sulfate most of the carnosine came down from aqueous 
solution if the pH were adjusted to 4.0 to 4.5 with barium 
hydroxide. 

The isolation of carnosine from dog and cat muscle was further 
complicated by the fact that the fractions had been stored for 
months in the ice box before they were studied. Under such 
conditions it is our experience that the difficulties of isolation are 
greatly increased and the yields are low. With these two prepara- 
tions, attempts to prepare the copper salt resulted in a green 
amorphous wax. In these instances the material was dissolved in 
approximately 2 m sulfuric acid and the copper removed with 
hydrogen sulfide. The resulting solution, freed from sulfide, was 
treated with about 200 mg. of mercuric sulfate per gm. of carnosine 
present in 500 cc. volume. After standing overnight, the brownish 
precipitate was removed by centrifuging. The supernatant fluid, 
which contained 80 or 90 per cent of the carnosine, was treated 
with mercuric sulfate in excess and enough barium hydroxide to 
keep the pH at 4 or 5. This precipitate, containing most of the 
carnosine, was decomposed, the sulfate removed quantitatively 
with barium hydroxide, and the carnosine converted into the 
copper salt. A crop of clean blue hexagons resulted in both 
preparations. 

Crude preparations of copper anserine and copper carnosine 
contain too little nitrogen and show low decomposition points, so 
that correct values for each constitute good evidence of freedom 
from unknown impurities. Carnosine may be freed from anserine 
with ease from solutions not too concentrated, because carnosine 
precipitates with silver and baryta, while anserine does not. It 
is far more difficult to remiove small amounts of carnosine from 
anserine. The color values (6) of copper anserine indicate the 
extent of admixture of copper carnosine. That the copper car- 
nosine preparations were relatively free from copper.anserine was 
indicated by the appearance of the crystals and by the color values. 
The color values for the preparations of copper carnosine men- 
tioned in this paper varied from 100 to 108 per cent of the expected 
values calculated from our standard carnosine solutions. The 
reason for the high values is uncertain. 
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EXPERIMENTAL 


Dog. Copper Carnosine\—Typical blue hexagons were obtained 
which decomposed at 215-216°.2. The preparation was recrystal- 
lized* three times from ammonia and dried at 120° for analysis. 


CsHiuN,O;-CuO. Calculated. N 18.36 
Found. “ 17.97 (Kjeldahl) 


Cat. Copper Carnosine'—The typical blue hexagons decom- 
posed at 218-219°. 


CsHyuN,O;-CuO. Calculated. N 18.36 
Found. “ 18.36 (Kjeldahl) 


Deer (Odocoileus virginianus)—5.06 kilos of clean skeletal muscle 
were obtained mainly from the chest and forelegs of two animals. 
The tissue was kept at 5-10° for 48 hours prior to extraction. 

Copper Anserine—4.39 gm. of typical lilac-red crystals which 
decomposed at 220° and gave a color value (6) of 0.6 per cent 
(carnosine) were isolated. 


CyoHisN,O3-CuO. Calculated. N 17.53 
Found. “ 17.32 (Dumas) 


Copper Carnosine—0.92 gm. of typical blue hexagons which 
decomposed at 219° was isolated. 


CysHuN,O;-CuO. Calculated. N 18.36 
Found. “ 18.58 (Kjeldahl) 


Opossum (Didelphis virginiana)—Seven animals, killed in the 
laboratory, were dissected and the skeletal musculature was 
worked up immediately. The weight of muscle was 5.22 kilos. 


1 This was obtained from silver precipitates of the extract which yielded 
the anserine described in a previous paper (6). 

2 All decomposition temperatures have been corrected. The decomposi- 
tion points are of value in showing the absence of certain impurities present 
in crude preparations. However, the decomposition points are unsatis- 
factory for demonstrating the presence of copper anserine in copper carno- 
sine preparations and vice versa. 

* The recrystallization of copper carnosine, by dissolving it in strong 
ammonia and diluting after removal of some insoluble foreign material, 
is not ideal. The analyses of the preparations improved but the decompo- 
sition points became less satisfactory. 
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Copper Anserine—2.25 gm. of lilac-red crystals which decom- 
posed at 229° and gave a color value of 1.29 per cent were isolated. 


CioHisN,O3-CuO. Calculated. N 17.53 
Found. “ 17.52 (Dumas) 


Copper Carnosine—0.33 gm. of typical blue hexagons which 
decomposed at 220—221° was isolated. 


C.sHuN,O;-CuO. Calculated. N 18.36 
Found. “ 17.75 (Dumas) 


Gnu (Connochxtes taurinus)—A healthy animal, injured in an 
accident, was killed by its keeper and the carcass kept in an ice 
box 16 hours prior to dissection of 8 kilos of muscle from the hind 
legs. The diazo method applied to this tissue indicated 0.017 per 
cent carnosine, the lowest value which we have obtained on mixed 
skeletal muscle from any mammal. It is rather striking that an 
animal closely related to the ox should show only a trace of car- 
nosine and large amounts of anserine. 

Copper Anserine—9.95 gm. of typical lilac-red crystals which 
decomposed at 225-227° and gave a color value of 0.31 per cent 
were isolated. 


CyoHisN,O3-CuO. Calculated. N 17.53 
Found. “ 17.37 (Dumas) 


Copper Carnosine—33 mg. of typical blue hexagons which 
decomposed at 216—220° were isolated. 


CsHiN,O;-CuO. Calculated. N 18.36 
Found. “ 18.0 (Dumas) 


Llama (Lama glama)+—A healthy animal was killed and the 
muscles dissected from the hind legs immediately. The total 
weight of muscle used was 6.8 kilos. 

Copper Anserine*—4.94 gm. of typical lilac-red crystals which 
decomposed at 225° and gave a color value of 2.7 per cent were 
isolated. 


C,oHisN,O3-CuO. Calculated. N 17.53 
Found. “17.70 (Dumas) 





‘ This isolation was carried out by Mr. John Zapp. 
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DISCUSSION 


We have found both carnosine and anserine in the skeletal 
muscles of five mammals including two carnivores, a marsupial, 
and two ruminant herbivores, whereas carnosine alone has been 
found in the herbivorous horse and ox. Of these two compounds, 
anserine was certainly present in excess in the muscles of the dog 
and gnu. This is shown in Table I by a comparison of the compo- 
sitions of the muscles, the calculations being based on (1) the 
recoveries of anserine, which yield data naturally much too low, 
and (2) the diazo color determinations for carnosine, which are 
probably a little too high. With figures based on the yields of 


TaBLe I 
Concentrations of Carnosine and Anserine (in Per Cent of Wet Muscle) in 
Mized Muscles Calculated from Diazo Colorimetric Determinations 
and from Isolation of Compounds 




















Carnosine . 
Anserine 
Diazo color Isolation —— 
ee sis Sit ei lev. Wada 0.05 0.003 0.10 
RNS SEARS SR pe a ee f- 0.025 0.09 
ee ee 0.15 0.014 0.066 
La Ae he 6 2 0.017 0.0003 0.094 
NN SE ed0biecccbebeeccuecus 0.076 0.005 0.033 
EG a ee ee eT 0.054 





carnosine obtained by isolation, the comparison is even more 
striking, is possibly more nearly correct, and suggests that the 
mixed muscles from the cat, deer, and opossum may also contain 
as much (or more) anserine as carnosine. 


SUMMARY 


Data presented in this and a previous paper demonstrate that 
anserine and carnosine are present together in the skeletal muscles 
of the dog, cat, deer, gnu, and opossum. Anserine has been 
isolated from the llama. 
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SARSASAPOGENIN. II 
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New York) 


(Received for publication, February 27, 1935) 


In previous communications'* it was shown that methyl cyclo- 
pentanophenanthrene (Diels’ hydrocarbon) can be isolated from 
the products of the dehydrogenation of both sarsasapogenin and 
gitogenin with selenium. This observation may now be accepted 
as a fairly certain indication that these sapogenins possess the 
nuclear skeleton of the sterols and bile acids. Since our earlier 
work a constantly mounting number of analytical data with sar- 
sasapogenin itself and with a number of its derivatives have con- 
vinced us that it is necessary to revise the hitherto accepted 
formula of Power and Salway* (CosHw@O;) to Cez7HywO;. Such a 
formula now fits in well with the most plausible interpretation of 
the formation on dehydrogenation not only of Diels’ hydrocarbon 
but also of the more volatile product first obtained by Ruzicka 
and van Veen,‘ a methyl hexyl ketone. The latter as well as the 
unsaturated ketone, CsH,O;, previously described by us and 
produced by the action of hydrochloric and acetic acids on sar- 
sasapogenin appears definitely to have its origin in the side chain 
of this genin. Although the exact identities of these ketones have 
not yet been established, it is possible that they represent the full 
extent of the side chain of the sapogenin itself, so that the remain- 
ing 19 carbon atoms would be just sufficient to complete the tetra- 


* Commonwealth Fund Fellow. 

1 Jacobs, W. A., and Simpson, J. C. E., J. Biol. Chem., 105, 501 (1934). 

* Jacobs, W. A., and Simpson, J. C. E., J. Am. Chem. Soc., 66, 1424 
(1934). 

* Power, F. B., and Salway, A. H., J. Chem. Soc., 106, 201 (1914). 

‘Ruzicka, L., and van Veen, A. E., Z. physiol. Chem., 184, 69 (1929). 
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cyclic portion of the sterol structure, including the two methy| 
groups on carbon atoms (10) and (13). 

In order to substantiate such indications we have made initial 
attempts at the oxidative degradation of sarsasapogenin. Al- 
though this work is still incomplete, it has furnished, we believe, 
suggestive data in regard to the structure of this substance. A 
résumé of this new experience follows. 

Oxidation of sarsasapogenin or of its ketone, sarsasapogenone, 
with alkaline hypobromite produces a mixture of acids of which 
the main constituent is a crystalline dibasic acid. The analysis 
of this acid has indicated a formula C27HwO.. This was substan- 
tiated by the study of its dimethyl ester. Both the acid and its 
ester are characterized by their comparative insolubility in the 
common solvents. The same acid is formed together with a non- 
crystalline mixture of acid material when the sapogenin is oxidized 
under gentle conditions with chromic oxide in acetic acid solution, 
and also when sarsasapogenone is oxidized with Kiliani’s chromic 
acid solution. From the mixture of crude acids in the last two 
cases a second crystalline acid has been isolated. The analysis 
of this acid points to a formula C2;H4 O05. Its properties indicate 
that it is a monobasic keto acid, and it forms a monomethyl ester. 
This acid in contradistinction to the dibasic acid is extremely 
soluble in most solvents but forms a beautifully crystalline sodium 
salt which is very suitable for its isolation. Although the ester 
reacts readily with ketone reagents, the products proved to be 
amorphous. 

The production of these two acids indicates the presence of the 


a 
grouping derpeseryveueen. in sarsasapogenin. It can be seen 


from Formula I that possible positions for the hydroxyl group may 
be on carbon atoms (4), (6), (7), (11), (15), and (16). Certain 
data, however, in particular the results of a study of the compara- 
tive behavior of the esters of these two acids towards saponifica- 
tion, appear to justify the provisional attachment of the secondary 
hydroxyl group to Cy, although it has been shown that caution 
must be exercised on occasion in the interpretation of saponifica- 
tion data.® 

5 Ruzicka, L., Waldmann, H., Meier, P. J., and Hésli, H., Helv. chim. 
acta, 16, 169 (1933). 
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The ester of the keto acid Cz7H4oO; is extremely labile and can 
be completely saponified in 0.05 N alkali. In the case of the ester 
of the dibasic acid, however, both ester groups are relatively 
resistant. One of them appears to be but slightly attacked by 
0.1 N alkali. Only after 4 hours boiling with 0.5 N alkali did the 
consumption of alkali approach 1 equivalent. From this mixture 
a half ester was obtained, so that one of the ester groups remained 
unattacked even under these conditions. 


Coty Oe 


b 
/ 


In the case of the keto acid, therefore, there appears to be present 
the grouping —CH:-COOH. In the case of the dibasic acid the 
most resistant carboxyl group is probably attached to a quater- 


nary carbon atom (c-coon) and the other carboxyl group 


to a tertiary carbon atom ( c-coon). The only position 
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for the hydroxyl group in sarsasapogenin which satisfies these 
requirements is Cy. The formula for the dibasic acid would 
consequently be as in Formula II and that for the keto acid as in 
Formula ITI. 

It will be noted that Formula III would require a composition 
C27H2Os for the monobasic keto acid. Such a formula appears, 
however, to be definitely excluded by the analytical results which 
dictate a formula C2;7HoOs. The latter formula requires the 
presence of a double bond in the molecule which must be formed 
during the oxidation. Although the ester of the acid gives no 
coloration with tetranitromethane, it can be oxidized with per- 
benzoic acid to a crystalline oxide, CosH20s. On catalytic hydro- 
genation, the unsaturated ester absorbs approximately 1 mole of 
hydrogen. However, no crystalline reaction product could be 
isolated. The resulting amorphous material no longer reacted 
appreciably with perbenzoic acid, which indicated that hydro- 
genation of the double bond was the major reaction. Further 
studies in regard to the double bond are in progress. 

When the keto acid is treated with 1 mole of bromine in acetic 
acid solution a monobromo keto acid, C2;7H3905Br, is formed and can 
be isolated readily. Bromination of sarsasapogenone under the 
same conditions gives a mixture which has not as yet been resolved. 
With 2 moles of bromine the result was also a mixture. 

Oxidation of the dibasic acid, C2;HeO., with fuming nitric acid 
yields a dibasic lactone acid in moderate yield. Analyses of this 
acid and of its dimethyl ester indicate a formula for it of CooH320.. 
The lactone group of the acid is readily opened by 0.1 N alkali. 
In the case of the dimethyl ester, besides the lactone group only 
one ester group is saponified by this treatment. The second ester 
group resists even 0.5 N alkali. On reacidification, relactonization 
at once occurs with the formation of the monomethyl ester of the 
dibasic lactone acid which on reesterification is converted into the 
original lactone dimethyl ester. The resistance of the second 
ester group in this substance recalls that of one of the ester groups 
of the dimethyl ester, C2sHO¢, and indicates the identity of the 
two resistant groups in the two substances. The loss of carbon 
atoms during this oxidation has clearly taken place at the side 
chain in a manner probably analogous to the oxidation observed by 
Windaus and Linsert* in the case of gitogenic acid. Whether 5 


6 Windaus, A., and Linsert, O., Z. physiol. Chem., 147, 275 (1925). 
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carbon atoms of the side chain have been lost in the latter case 
instead of 4 as postulated by Windaus and Scheckenburger’ on 
the basis of their formulation of gitogenin is a question requiring 
further investigation. In the case of sarsasapogenin the evidence 
favors the conclusion that 5 and not 4 carbon atoms are removed, 
and the highly probable identity of the oxygenated side chains of 
both sarsasapogenin and gitogenin has already been demonstrated 
by us.!. The hydroxy tribasic acid produced by saponification of 
the lactone group of the dibasic lactone acid may possibly have a 
structure as given in Formula IV, since the ketone CsH,.O obtained 
on selenium dehydrogenation of sarsasapogenin is almost certainly 
a methyl ketone (unpublished work) even though its identity has 


CHs 





not yet been established. From this it would follow that the first 
3 carbon atoms of the side chain must have the ordinary sterol 
configuration. There is as yet no evidence at hand as to which 
one of the carboxyl groups assumed to be attached to C2o and Co, 
respectively, is involved in the lactone group, the hydroxyl of 
which is presumably produced by the opening up of one of the 
original oxidic linkages of the side chain. Lactonization with a 
carboxyl on Ceo would necessitate the attachment of this hydroxy] 
and therefore of one end of the original oxidic bridge to Cis or 
Cy. On the other hand, lactonization involving a carboxyl 
group on Cy would apparently fix (as the nearest position to this 


7 Windaus, A., and Scheckenburger, A., Ber. chem. Ges., 46, 2628 (1913). 
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carboxyl group) the hydroxyl group on Cy7; at best then an e- 
lactone. The first possibility appears on general grounds to be the 
more likely. Perhaps against this view is the fact that the labile 
ester group of the lactone dimethy] ester is readily saponified by 0.1 
N alkali towards which in the original dimethyl ester, CosHO¢, the 
less stable ester group is fairly resistant. It is, however, possible 
that the new lactone grouping in the lactone dimethyl ester can 
affect the degree of lability of the ester group attached to Cy. 
Attempts to confirm this interpretation as well as to degrade 
sarsasapogenin to a known bile acid derivative are in progress. 
On the basis of the above interpretation of the data at hand, a 
provisional structure might be proposed as in Formula V for 
sarsasapogenin, with necessary reservations and with the exact 
nature of the side chain still to be determined. 


EXPERIMENTAL 


- Sarsasapogenin—This was prepared from Mexican root by the 
method previously described. With acetone as solvent, a con- 
stant melting point of 199.5-200° was obtained which was un- 
changed on crystallization from alcohol. When recrystallized 
from ethyl acetate, however, the melting point was lowered 
somewhat to 194-195° without affecting the analytical figures, 
due apparently to polymorphism. 
[aJp = —76.5° (c = 2.16 in chloroform). 


laln = —54° (c = 0.66 in methyl alcohol). 
CxHw2O0;. Calculated. C 77.55, H 10.52 


C27H Os. “ 77.82, “ 10.65 
Found. “ 77.90, “ 10.59 

“ 77.92, “ 10.52 

“ 77.99, “ 10.70 

“ 77.94, “ 10.48 

“ 77.88, “ 10.57 


Oxidation of Sarsasapogenin with Hypobromite. The Dibasic 
Acid, Cx:H«Og—5 gm. of sarsasapogenin dissolved in 150 cc. of 
pyridine were shaken for approximately 48 hours at room tempera- 
ture with an aqueous solution of hypobromite prepared from 200 
cc. of 4 per cent NaOH and 13.5 gm. of bromine. The solution was 
then filtered from unattacked genin (approximately 3 gm.) which 
was thoroughly washed with water. The filtrate and washings 
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were left overnight under reduced pressure in order to remove a 
portion of the pyridine and then filtered from traces of amorphous 
material. After cooling to 0° the filtrate was treated with 100 cc. 
of 10 per cent sulfuric acid followed by 100 cc. of saturated ammo- 
nium sulfate. After short standing the crude acid was collected, 
thoroughly washed with hot water, and dried. The yield was 
1 gm. After recrystallization from acetic acid, the acid formed 
glistening, flat needles which melted at 280° with decomposition. 
It is very sparingly soluble in the common solvents and separates 
from ethyl acetate in small rhombs. For analysis samples were 
crystallized from acetic acid and also from ethyl acetate. These 
were dried at 145° and 100° respectively and 15 mm. 


C27HwO>s. Calculated. C 70.08, H 9.16 


CosH 400s. “* 69.59, “ 8.99 
Found. “ 70.27, “ 9.21 

* 70.04, “ 9.20 

** 70.42, “‘ 9.06 


12.600 mg. of substance on direct titration against phenol- 
phthalein required.0.541 cc. of 0.1 nN NaOH. Calculated for 2 
equivalents, 0.546 cc. 

12.790 mg. of substance required 0.578 cc. Calculated for 2 
equivalents, 0.554 cc. 

Dimethyl Ester—This was prepared from the acid with diazo- 
methane and crystallizes from chloroform-methy] alcohol in plates 
which melt at 216-217°. The ester is sparingly soluble in ether 
and the alcohols but readily in chloroform. 


CopsHaeOs. Calculated. Cc 70.97, H 9.45, OCH; 12.65 


CosHuOs. se “ 70.54, “9.31, “ 13.02 
Found. . “70.79, “9.20, “ 12.84 

“ 71.28, “ 9.24 

“ 71.18, “ 9.31 

“ 71.13, “ 9.55 


17.093 mg. of substance were refluxed in 2 cc. of alcohol and 3 ce. 
of 0.5 n NaOH for 4 hours and titrated back against phenol- 
phthalein. Calculated for 1 equivalent, 0.070 cc.; found, 0.076 cc. 

38.290 mg. of substance consumed 0.130 cc. of 0.5 n NaOH. 
Calculated for 1 equivalent, 0.156 ce. 

0.1 N alkali was found inadequate. 14.330 mg. of substance 
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were refluxed with 2 cc. of alcohol and 3 cc. of 0.1 Nn NaOH for 4 
hours. Calculated for 1 equivalent, 0.293 cc.; found, 0.115 ce. 

The solution from the second saponification experiment was 
concentrated, acidified to Congo red with dilute hydrochloric acid, 
and extracted with ether. The ethereal solution was then repeat- 
edly shaken out with small quantities of 2 per cent sodium hy- 
droxide. The alkaline solution thus obtained was largely diluted 
to dissolve the sparingly soluble sodium salt, after which it was 
heated to drive off ether, filtered, and acidified to Congo red. 
The half ester which was precipitated was collected and found 
to melt constantly at 224-225° on recrystallization from dilute 
acetone. It crystallizes in long prismatic needles. 


C2sHyOs. Calculated, OCH; 6.51; found, OCH; 7.98 


Sarsasapogenone—Sarsasapogenin itself has been found to be 
very readily acetylated on standing in acetic acid solution, so that 
this has proved on occasion to be a complication during the 
preparation of the ketone. The following conditions were finally 
adopted for the preparation of this substance. 

A suspension of 7.5 gm. of the genin in 5 cc. of water and 100 ce. 
of acetic acid was treated at 25-30° during 50 minutes in portions 
and with constant shaking with a solution of 1.9 gm. of chromic 
acid in 4 cc. of water and 30 cc. of acetic acid. Solution gradually 
occurred and after a time the ketone crystallized. After all of the 
reagent had been added the suspension was warmed to 50-55° 
for 10 to 15 minutes and then poured into 3 volumes of water and 
extracted with ether. The extract was washed repeatedly with 
water, after which acid constituents were removed by shaking with 
5 per cent sodium carbonate. The ethereal solution after concen- 
tration left a residue which crystallized from acetone. The most 
favorable yield was 4.8 gm. The substance melts at 223-224°, 


C27HyO;. Calculated. C 78.20, H 10.22 


CysH 400s. 7 “ 77.94, “ 10.07 
Found. “ 78.01, “ 9.90 
* 78.28, “ 10.15 


Frequently the ketone was contaminated with small amounts 
of a persistent substance containing a higher percentage of oxygen, 
which caused slight lowering of the melting point and affected the 
analytical figures. 
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Keto Acid, C2x:xHwO;s—The alkaline solutions obtained from 
oxidation experiments carried out under the above conditions, or 
from those in which conditions were varied as to temperature and 
concentration, were concentrated under reduced pressure until 
crystallization occurred. The sodium salts were redissolved by 
addition of sufficient water, gently warmed, filtered if necessary, 
and then acidified to Congo red with dilute hydrochloric acid. 
In many cases the acid mixture was thus obtained in an easily 
filtrable form and was collected after addition of ammonium 
sulfate. If much of the dibasic acid, C27HwO., was present in the 
crude material, it was removed by digestion with hot ethyl acetate 
which left most of the dibasic acid undissolved. For isolation 
of the keto acid contained in the solution, advantage was taken of 
the lability of its ester and the favorable properties of its sodium 
salt obtained after saponification of the ester. For this purpose 
the dry crude acid obtained after removal of the solvent was 
esterified with diazomethane, and the ester mixture was then 
saponified. For this purpose it was treated with 10 per cent more 
than the amount of 0.1 N NaOH required on the assumption that 
all of the ester mixture consisted of the ester C2sHwOs. An equal 
volume of 50 per cent methyl alcohol was then added, and the 
mixture was refluxed for 14 hours. The diluted solution was 
extracted with ether to remove unsaponified material, and the 
alkaline solution was then concentrated until the sodium salt of 
the keto acid crystallized as a mass of long, silky needles. This 
was collected and washed with 5 per cent sodium carbonate in the 
centrifuge. The acid was obtained from the salt with dilute 
hydrochloric acid. On recrystallization from isopropyl ether 
containing a little acetone, it separated as characteristic large, soft 
plates which melted at 161+162°. The acid is easily soluble in 
the common solvents except isopropyl ether and petroleum ether, 
and moderately so in ether. Samples of a number of preparations 
recrystallized from different solvents gave on analysis consistent 
figures. The following are representative analyses. 


CyrHywOs. Calculated. C 72.92, H 9.07 

Found. * 73.27, “‘ 9.12 
“73.15, “ 8.86 
“ 72.89, “ 9.01 
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Methyl Ester of the Keto Acid—This was prepared with diazometh- 
ane. It is very soluble in the common solvents except petro- 
leum ether and crystallizes from aqueous methyl alcohol as curved 
plates which melt at 123-124°. 


CzsH20;. Calculated. C 73.31, H 9.24, OCH; 6.77 
Found. “ 73.22, “9.02, “ 6.40 
“* 73.64, “ 9.36 


0.3744 gm. was refluxed with 20 cc. of 0.1 n NaOH and 7 cc. of 
methyl alcohol for 70 minutes and then titrated against phenol- 
phthalein. Calculated for 1 equivalent, 8.18 cc.; found, 8.21 ce. 

Bromination of the Keto Acid. The Acid Cx,H390;Br—0.1 gm. 
of the above acid dissolved in 2.5 cc. of acetic acid was treated 
during 5 minutes with 1.3 cc. of a solution of bromine (6 gm.) 
in acetic acid (200 cc.). As soon as a trace of hydrogen bromide 
had been formed the bromine was absorbed as quickly as added. 
The solution was poured into 3 volumes of water and the precipi- 
tate was collected with water. After a preliminary crystallization 
from acetone-ether it was recrystallized twice from 50 per cent 
acetic acid, from which it formed long, thin microplates. It 
melted at 197° with decomposition. 


C27H3,0;Br. Calculated. C 61.91, H 7.55, Br 15.26 
CosH705Br. 7 “* 61.28, “ 7.32, “‘ 15.70 
Found. 61.82, “ 7.49, “ 15.55 


Oxide of the Keto Ester—0.67 gm. of the methyl ester, CosH20s, 
was treated with 15 cc. of an approximately 0.15 n solution of 
perbenzoic acid in chloroform. The mixture was left at 0° for 120 
hours. A control of the reagent and solvent was simultaneously 
run. On titration, the amount of oxygen consumed by the 
substance was found to be 60.7 per cent of the theoretical amount 
required by one double bond. In another experiment of only 24 
hours duration the amount absorbed was only 37.5 per cent. The 
chloroform solution of the first experiment was drawn off and 
washed successively with 5 per cent sodium carbonate and water. 
The residue left after concentration was partly crystalline. After 
repeated recrystallization, first from methyl alcohol and finally 
from aqueous acetone, the substance was obtained as prismatic 
needles which melted at 191-192°. 
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C2sH420¢. Calculated. C 70.84, H 8.92 
C27H 400s. 7 “ 70.39, “ 8.76 
Found. * 70.90, ‘ 8.96 


Dibasic Lactone Acid, C2HzOs—1 gm. of the dibasic acid 
C27HwO¢ was gradually treated during 10 to 15 minutes with 5 cc. 
of fuming nitric acid (1.5) at 0°. The clear solution was then 
slowly warmed to 75-80° during 20 minutes and then maintained 
at this temperature for 30 minutes. The clear yellow solution was 
then treated with 2.5 cc. of acetic acid. Water was added to the 
hot mixture until the solution became turbid. This was followed 
by rapid crystallization. The acid was collected and washed 
with very dilute acetic acid. It was recrystallized by solution in 
hot acetic acid and cautious addition of water. The yield was 
about 20 per cent. It recrystallizes in small, thick prisms and 
melts at 295°. It is practically insoluble in the common solvents 
except the alcohols and acetic acid. For analysis the substance 
was recrystallized from acetic acid and was dried at 145° and 15 
mm. 


C22H320s. Calculated. C 67.30, H 8.22 
CxHOs. 7 * 67.94, “ 8.43 
Found. “* 67.33, “ 8.12 


12.085 mg. of substance were titrated against phenolphthalein 
with 0.1 n NaOH. Calculated for 2 equivalents, for C22H320., 
0.616 ec. ; found, 0.646 ce. 

To the above solution 3 cc. of 0.1 N NaOH were added and the 
mixture was refluxed for 4 hours and then titrated back. An 
additional 0.295 ce. was consumed. Calculated for 1 equivalent, 
0.308 ee. ani 

48.810 mg. of substance on direct titration consumed 2.566 cc. 
and after refluxing with an excess of alkali an additional 1.170 ce. 
Calculated for 1 equivalent, 1.245 ce. 

The solution from the second saponification was concentrated 
and made just acid to Congo red. The collected precipitate had 
the same melting point as the original lactone. It was converted 
into the dimethyl ester which from the melting point and mixed 
melting point proved indistinguishable from the dimethyl ester 
which follows. 

Dimethyl Ester—This was prepared from the acid with diazometh- 
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ane and is characterized by an unusually high power of crystal- 
lization. From methyl alcohol it forms long prismatic needles 
which melt at 171-172°. 


CxH30s. Calculated. C 68.53, H 8.63 


CosHss0c. ** 69.08, ‘‘ 8.82 
Found. “* 68.69, “ 8.24 

“* 68.54, “ 8.28 

** 68.90, ‘ 8.50 

** 68.66, “ 8.30 


12.660 mg. of substance were refluxed with 2 cc. of alcohol and 
3 cc. of 0.1 Nn NaOH for 4 hours and titrated back against phenol- 
phthalein. Calculated for 2 equivalents for CoH3s0¢, 0.633 cc.; 
found, 0.602 cc. 

48.590 mg. of substance consumed 2.322 cc. of 0.1 Nn NaOH. 
Calculated for 2 equivalents, 2.430 cc. 

37.730 mg. of substance refluxed for 4 hours with 2 cc. of alcohol 
and 2 cc. of 0.56 n NaOH consumed 0.374 ce. Calculated for 2 
equivalents, 0.359 cc. 

The solution from the second saponification experiment given 
above was concentrated and acidified to Congo red with dilute 
hydrochloric acid. The precipitated half ester after recrystalliza- 
tion from dilute acetone melted at 213-215°. 


CH Os. Calculated. C 67.94, H 8.43, OCH; 7.64 
Found. “ 68.15, “8.52, “ 7.66 


This half ester on esterification with diazomethane yielded again 
the original dimethyl ester. 

Oxidation of the dimethyl ester, C29H™O., with nitric acid 
(under the same conditions as those used in the case of the free 
acid) yielded the same dibasic lactone acid in poor yield. 
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CHEMISTRY OF SLASH-PINE (PINUS CARIBZA, 
MORELET) 


I, FATTY CONSTITUENTS OF THE PHLOEM 


By J. ALFRED HALL anp OLE GISVOLD 


(From the Forest Products Laboratory,* Forest Service, United States 
Department of Agriculture, Madison) 


(Received for publication, February 25, 1935) 


This paper is the first report on an extensive investigation under 
way on the chemical mechanisms involved in the formation and 
possible translocation of oleoresin within the tree. The necessarily 
voluminous discussion of the theories of phytosynthesis and 
metabolism involved has been partly covered already (1). The 
determination of the nature of the constituents in tissues conceived 
to be actively associated with the formation of oleoresin is required 
as a preliminary to further work on seasonal variations. It is 
hoped that the investigation will not only aid in clarifying the 
processes of oleoresin synthesis, but also the larger problems of 
metabolism and translocation within the tree. 

The slash-pine (Pinus caribea, Morelet) of the southeastern 
United States is not only an important and typical oleoresin- 
producing tree, but is available in extreme profusion in pure 
stands of young saplings that are well suited for investigations in 
which a differentiation of tissues is desired. This species has 
therefore been selected for intensive examination. 

Microscopical investigations by Gerry (2) have shown that the 
phloem of slash-pine is extremely rich in labile materials as com- 
pared with woody tissue. Devaux and Bargues (3) demonstrated 
the presence of either oleoresin or oleoresin-yielding material in the 
phloem and rays of Pinus pinaster (maritime pine). Since the 
rays are closely associated with the resin passages of the xylem, 
and form, in effect, a physiological link between these and the 

* Maintained at Madison, in cooperation with the University of Wis- 


consin. 
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phloem, the latter was selected as the starting point for the 
investigation. 

The question of the existence of oleoresin as such or in combina- 
tion prior to its appearance in the resin passages of the xylem 
cannot be considered as settled, since no entirely reliable staining 
technique exists for distinguishing between fats and oleoresins 
in situ. Furthermore, no oleoresinous constituents have been 
detected in the petroleum extract of the phloem. This extract 
consists entirely of fatty and unsaponifiable material. The ether 
extract following the petroleum extract apparently contains no 
free oleoresinous constituents, but does yield a very small amount 
of a complex glycosidic substance which contains combined oleo- 
resinous bodies. This substance will be discussed in a subsequent 
article. The present paper deals exclusively with the constituents 
found in the petroleum (60—70°) extract of the phloem. 


EXPERIMENTAL 


The material examined was collected in April, 1934, in the forests 
near Cogdell, Georgia. At the time of collection the top growth 
was in the stage of bud elongation and oleoresin production from 
working trees was entering the period of vigorous activity. Sap- 
lings of 2 to 4 inches diameter were felled and topped well below 
the preceding season’s growth in order to avoid chlorophyll-bearing 
phloem. The cortex was carefully removed and the phloem peeled 
from the wood in long, narrow strips. These were dried in a shelf 
drier in a current of air at 45° for about 9 hours to a brittle condi- 
tion. They were then broken up and packed in tight containers 
for shipment to Madison. From tree to container, the longest 
elapsed time was about 14 hours. At the laboratory the dried 
material was ground in a Wiley mill to approximately 40 to 60 
mesh, packed in air-tight containers, and kept at 3° until ready for 
extraction. 

The ground material contained 5.4 per cent water and 5.5 per 
cent of material extractable in petroleum of boiling range 60-70°. 
38 kilos were completely extracted with such petroleum in a 
continuous percolator and from the extract 2 kilos of crude fat 
were recovered by evaporation of the solvent under a partial 
vacuum. The product was slightly greenish brown in color. It 
had a saponification value of 137. 
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The crude fat was saponified with alcoholic potassium hydroxide 
in the usual manner, the alcohol removed under a vacuum, and the 
soaps dissolved in water (2.5 liters per 500 gm. of fat). These 
solutions were exhausted with ether in continuous extractors. The 
ethereal extracts, upon evaporation, yielded yellow, semicrystal- 
line masses (Fraction A) which were examined. The soap solu- 
tions were decomposed with a slight excess of sulfuric acid. A 
layer of ethereal solution of fatty acids floated above a flocculent 
precipitate on the aqueous layer. This precipitate was removed 
by centrifuging and examined (Fraction B). The fatty acids 
(Fraction C) were collected by extraction of the aqueous liquids 
with ether and evaporation of the solvent. 

All crystalline preparations were dried for analysis at 56°, 0.1 
mm., for 24 hours over phosphorus pentoxide. Rotations were 
observed with a Franz Schmidt and Haensch (Berlin) quartz 
wedge saccharimeter equipped with a Ventzke scale and an electric 
sodium lamp as light source. The melting points were made 
with a Thiele apparatus with a thermometer calibrated against a 
Bureau of Standards thermometer and are not corrected for stem 
emergence. Carbon and hydrogen were determined by a semi- 
micromethod developed from the original Pregl procedure. 


Unsaponifiable Matter (Fraction A) 


This fraction amounted to approximately 200 gm. of a yellow, 
oily mass containing some crystalline material. By extensive 
fractional crystallization from alcohol, six fractions of crystals 
were obtained (total 3 gm.), all of which gave the Liebermann- 
Burchard sterol reaction and melted at 137-138°. One of these 
fractions was purified further by the modified (4) digitonin pro- 
cedure of Windaus (5). The purified sterol was unchanged in 
melting point after crystallization from alcohol. 


Analysis—[a]— = —23.4° (0.04 gm. in 5 ce. of CHCls, 2 dm. tube). 
C2sH50O0. Calculated. C 84.06, H 12.08 
Found. “ $3.53, 83.56, “ 12.33, 12.33 


The acetate was prepared by heating with acetic anhydride, 
and crystallizing from alcohol until it showed a constant melting 
point of 126°. 
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Analysis—[a]> = —29.7° (0.05 gm. in 5 cc. of CHCl;, 2 dm. tube). 
C3,:H5202. Calculated. Cc 81.22, H 11.35 
Found. “* 80.98, 81.10, ‘ 11.62, 11.64 


For purposes of comparison, a sterol of the same melting point 
from the seeds of Pinus sabiniana was purified in the same manner 
and analyzed. 


Analysis—[a]p = —22.7°; C 83.64, 83.74, H 12.44, 12.22. 


All the available sterol (4 gm.) was purified over the digitonide, 
acetylated, and the acetate crystallized from alcohol. The last 
fraction (1 gm.) was rejected, and saponification equivalents 
determined on the first two by the procedure of Sandqvist and 
Bengtsson (6). 


Cs:H5202. 
Calculated. Saponification equivalent 123 
Found. Fraction 1. = 122.48, 123.04, 
average 122.76 
" 2. " _ 121.4 , 123.4, 
average 122.4 


Since it has been shown that this procedure is far more reliable 
in determination of empirical formule for sterols than combustion 
analysis, the formula C2,Hs0O is proposed for this sterol. The 
melting points are those of sitosterol and the rotations are within 
the range of possible mixtures of its various stereoisomers. There- 
fore, although the combustion figures actually agree much better 
with other formule, the substance is probably a sitosterol. 

Alcohol, C\sH;40—From the mother liquors of the sterol fractions 
about 1 gm. of a waxy body was obtained, which separated in 
poorly formed leaflets. It was soluble in all ordinary organic 
solvents. After several crystallizations from a mixture of alcohol 
and ether the melting point remained constant at 74-75°. The 
substance did not absorb bromine and gave no sterol reactions. 


Analysis—[a]p = +9.8° (0.447 gm. in 5 cc. of CHCl;, 2 dm. tube). 
CiwsHyO. Calculated. C 79.34, H 14.05, mol. wt. 242 
Found. “ 78.84, 79.13, “ 14.19, 14.29, “ “ 241 (Rast) 


The acetate, prepared by boiling with acetic anhydride, melted 
at 64-65°. 
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This alcohol reacted with Beckmann’s chromic acid mixture, 
but when warmed with the latter in the amount calculated for the 
oxidation of a primary or secondary hydroxyl to aldehyde or 
ketone, only the starting material was recovered in diminished 
quantity. No carbonyl compounds could be isolated. The 
substance gave a negative reaction to Denigés’ reagent (7) and is 
therefore probably not a tertiary alcohol. The known alcohol of 
the above formula, cetyl alcohol, melts at 49° and is optically 
inactive. This substance is either a secondary alcohol or a primary 
alcohol with a branched chain containing an asymmetric center. 
Probability favors the former. Since it is apparently a hitherto 
unknown substance, the name isocety! alcohol is suggested. 


TaBLeE I 
Distillation of Oily Unsaponifiable Material 























2 Amount (0.08 nb DS Remarks 
ce. *C. 
1 5 80-100 1.4591 0.8749 | Temperature rose 
2 50 169-170 1.4525 0.8731 very rapidly 
3 45 170-172 1.4533 0.8750 
4 25 172-173 1.4557 0.8795 
5 15 190-200 1.4695 On liquid, part 
was solid 
6 3 200-210 Solid 
7 Tarry residue 





The remainder of the unsaponifiable material consisted of 225 
ce. of a yellow oil. This was distilled under a pressure of approxi- 
mately 0.005 mm. as shown in Table I. 

The solid portion of Fraction 5 was separated by pressing upon 
porous tile. After several crystallizations from a mixture of alco- 
hol and ether, the melting point was constant at 74-75° and no 
depression was observed when mixed with the alcohol, CHO, 
previously described. Fraction 6 consisted of a mixture of this 
alcohol with the sterol previously described. From a small 
portion of Fraction 7, the sterol was again isolated over the digito- 
nide. Hence, it appears that Fractions 5 to 7 consisted largely of 
these two substances. Aside from a small quantity of a lower 
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boiling substance in Fraction 1, Fractions 2 to 4 evidently con- 
sisted almost entirely of a single body or a mixture of closely similar 
compounds. 

These fractions did not give the Liebermann-Burchard sterol 
reaction, but developed a reddish orange color with the reagent. 
From Fraction 3, a crystalline bromide was prepared in glacial 
acetic acid at 0°. After repeated crystallization from dilute 
methyl alcohol, it appeared as platelets, melting point 123—125°. 
It was not pure and was unstable, so could not be prepared for 
analysis. The original oil of Fraction 3, however, was analyzed 
with the following results. 


[aly = —0°; iodine No. 104.5. . 
CsycoHseO;. Calculated. C 77.59, H 12.07, mol. wt. 464 
Found. “* 77.72, 77.63, ‘* 12.18, 12.14, ‘ ‘ 466 (Rast) 


The above formula and iodine value are satisfied by a cycle and 
two double bonds. The substance could not be acetylated or 
benzoylated. A determination of hydroxyl by the method of 
Zerewetinoff gave no active hydrogen. No colorations were given 
with fuchsin bisulfite or sodium nitroprusside, nor could any 
addition reactions be obtained with a number of carbonyl reagents. 

Methoxyl determinations by the procedure of Clark (8), with 
the temperature of the condenser maintained at 4°, gave 6.6 per 
cent (theory, (OCH;) 6.65 per cent). Somewhat higher values 
were obtained with higher condenser temperatures. The Weber- 
Tollens reaction. (9) for methylene oxide groups gave a distinctly 
positive result although not nearly so pronounced as in the case of 
aromatic methylene ethers. This substance is evidently a complex 
ether containing one methoxyl group and other ether linkages of 
unknown character. 


Fraction B. Isolation of a Phytosterolin 


Fraction B, separated by centrifuging from the ethereal acid 
solutions, was repeatedly washed with hot water and alcohol. It 
was practically insoluble in alcohol or ether, but was repeatedly 
crystallized from hot dioxane as rather poorly defined crystals. 
Two fractions were obtained: Fraction 1, 0.5 gm., m. p. 290°; 
Fraction 2, 0.4 gm., m. p. 225°, with not very well defined melting 
points. Neither fraction was entirely free from ash. Both gave 
the Liebermann-Burchard sterol reaction. 
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Analysis of Fraction 1 
CysHeoOx. Calculated. Cc 72.9, H 10.4 
Found. ** 72.1, 72.3, “* 10.5, 10.7 
(Corrected for ash 0.32, 0.41) 


The analysis is in fair agreement with the formula for a hexoside 
of the sterol occurring free, C2sH 00. The substance was hydro- 
lyzed with amyl alcoholic HCl according to Power and Salway 
(10), and a sterol isolated melting at 136-137°. 


Analysis—[a]p = —24°. 
CosHs0O. Calculated. C 84.06, H 12.08 
Found. ** $3.40, 83.35, “‘ 12.22, 12.21 


The aqueous portion of the hydrolysate reduced Fehling’s 
solution and gave a positive Molisch reaction, but no osazone 
could be prepared. 

Fraction 2, according to analysis, was obviously impure. It 
was hydrolyzed as before but was refluxed for 1 hour instead of 2. 
The sterol recovered melted at 136-137°. 


Analysis—[a]p = —25°; C 83.53, 83.44, H 12.62, 12.61. 


In this case, the aqueous hydrolysate yielded a phenylosazone 
melting at 204°. Evidently both these fractions consisted of a 
phytosterolin. 


Fraction C. The Fatty Acids 


Identification of n-Caproic Acid—The ethereal solution of fatty 
acids after removal of the sterolin fraction was evaporated and 
the residue distilled with steam. The acid distillate was extracted 
with ether and the ethereal solution shaken out with sodium 
carbonate solution. From this, by acidification and extraction 
with ether, 0.5 ce. of an oily acid was obtained, which had the 
odor of one of the lower fatty acids. A Duclaux distillation 
indicated that the preparation was probably impure. It was 
converted over the sodium salt to the p-bromophenacy] ester (11). 
After repeated crystallizations from dilute alcohol the ester melted 
constantly at 69-70°. The corresponding n-caproate (from 
n-caproic acid, Eastman) melted at 70-71°, and the mixture of the 
two at 69-70°. Mixed melting points with the n-valerate (m. p., 
63°) and isovalerate (m. p., 68°) gave large depressions. The acid 
was therefore identified as n-caproic acid. 
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The ethereal solution after extraction with sodium carbonate 
yielded 0.1 cc. of a neutral fragrant oil with the odor of a high 
aliphatic alcohol. 

The non-volatile fatty acids were separated into solid and 
liquid fractions according to the procedure of Twitchell (12). 
When the lead salts of the solid acids were precipitated from 
3430 cc. of 95 per cent alcohol per 200 gm. of mixed acids at + 4°, 
the precipitated salts carried down a considerable quantity of 
semisolid salts which could be easily separated from the solid 
salts by means of ether. This fraction was later found to consist 
of almost pure oleic acid, while the fraction obtained from the lead 
salts soluble in alcohol at 4° was fairly rich in linoleic. 

Solid Acids—The solid acids were recovered from the lead salts 
in the usual manner. 

Identification of Palmitic Acid—25 gm. of the crude mixture were 
distilled at 0.01 mm. A few gm. only were distilled over at 170°. 
This product, recrystallized from alcohol, melted at 62°. No 
depression was observed when mixed with palmitic acid (Eastman), 
melting point 62.5°. 

Analysis 

CyeHs,02. Calculated. C 75.00, H 12.50 
Found. 75.11, “* 12.83 


The p-nitrobenzyl ester melted at 42—43° and showed no depression 
with the corresponding palmitate. The methyl ester gave a 
saponification number of 208 (methyl palmitate, 208). 

Identification of Dodecosanic Acid (Behenic)—The main portion 
of the crude acids was extensively fractionally crystallized from 
mixtures of alcohol and ethyl acetate without obtaining a pure 
fraction as determined by melting points and neutralization values. 
Fractional distillation of the methyl esters gave some pure methyl 
palmitate, but the higher fractions were mixtures. However, 
clean separations were obtained by the following procedure. 

5 gm. of mixed acids dissolved in 200 cc. of alcohol were neutral- 
ized while hot with 0.1 N alcoholic potassium hydroxide. Upon 
cooling, a potassium salt separated as a gel which was easily broken 
up by stirring, filtered off by suction, and washed with cold alcohol. 
Repetition of this process on the acids obtained from the insoluble 
potassium salts gave clean separations of palmitic acid from the 
acid contained in the insoluble salt. 
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The acid recovered from the insoluble potassium salt, and 
recrystallized three times from a mixture of alcohol and ether, 
melted constantly at 78-79°. 

Analysis 

CxH Or. Calculated. Cc 77.65, H 12.94, N. E.* 165 


Found. ** 77.53, 77.74, “ 13.31, 13.13, “ “ 164.5 
* Neutralization equivalent. 


The p-bromophenacyl ester melted at 91-92° and thus cannot 
be distinguished from the stearate by this means. However, 
when mixed with the stearate in approximately equal amounts, 
the melting point dropped to 85°. The methyl ester, prepared by 
refluxing with absolute methyl alcoholic HCl and recrystallized 
several times from a mixture of 60:40 isopropyl ether and ethyl 
acetate, melted constantly at 61-61.5°. However, consistent 
carbon and hydrogen values could not be obtained upon 
combustion. ! 

A careful examination of all fractions failed to reveal the presence 
of stearic acid. The solid acids, therefore, consisted entirely of 
palmitic and dodecosanic acids, with the latter in slightly larger 
proportion. 

Liquid Acids. Identification of Oleic and Linoleic Acids—From 
the fraction of the lead salts which was only slightly soluble in 
alcohol at +4° and soluble in ether, about 90 gm. of liquid fatty 
acids were obtained. These were distilled at 0.01 to 0.015 mm. at 
190-194° with very little residue. The distilled acids gave iodine 
values indicating a mixture and were converted again to lead 
salts. These were fractionally recovered from alcoholic solution 
by evaporation. The first two fractions of recovered acids (26 
gm., 13 gm.) were mixed and analyzed. 

Analysis : 

CisHyO2. Calculated. C 76.60, H 12.06, N. E. 198.6, I No. 90.07 
Found. ** 76.62, ‘* 11.45, “* ‘ 195, “ ** 93 (Wijs) 





‘Some confusion exists as to the melting point of methyl behenate. 
Values reported are: Klein (Handbuch der Pflanzenanalyse, Vienna, 2, 
392 (1932)), 52°; Sudborough, Watson, and Ayyar (J. Indian Inst. Sc., 9A, 
25 (1926)), 52°; Tutin and Clewer (J. Chem. Soc., 105, 1845 (1914)), 51°; 
Power and Salway (J. Chem. Soc., 106, 201 (1914)), 58-59°. Although the 
preparation reported here is admittedly impure, it melts at 61-61.5°. It is 
possible that various workers have dealt with isomers. 
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The p-bromophenacy] ester was prepared and found to melt at 
46-47°. No depression occurred when it was mixed with the 
corresponding ester of oleic acid (from Kahlbaum oleic, m. p. of 
ester, 47°). The main portion of the liquid acids was therefore 
oleic acid. 

That portion of the lead salts which was completely soluble in 
alcohol at +4° was fractionated by evaporation of the alcoholic 
solution, and the small fraction most soluble in alcohol separated. 
The acid recovered from this lead salt had an iodine value of 141. 
Bromination of this fraction according to the procedure of Farn- 
steiner (13) yielded a bromide, insoluble in petroleum ether, and 
melting at 112° (linoleic tetrabromide, m. p. 115°). This bromide 
was completely soluble in ether, indicating the absence of linolenic 
acid. 


Analysis 
CisH3,0.Br,. Calculated. C 34.67, H 5.33, Br 53.3 
Found. ** 34.65, 34.71, “ 5.58, 5.57, “ 53.1 


The liquid acids therefore consisted of oleic and a small propor- 
tion of linoleic acids. 


SUMMARY 


A petroleum ether (60—-70°) extract of the phloem of Pinus 
caribea, Morelet, yielded the following substances: a sitosterol, 
CopHs500; a sterolin, C3sHs00¢; a wax alcohol, CjsH;,O; a complex 
ether, CsoHs.O0;; and n-caproic, palmitic, dodecosanic, oleic, and 
linoleic acids. 


All combustions and rotations and several other determinations 
on small quantities of material were performed in the Biochemical 
Research Laboratory of the University of Wisconsin by Dr. Eugene 
Schoeffel. The services of this laboratory were placed at our dis- 
posal by Professor Karl Paul Link. 
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The hypothesis that 8 oxidation is the mechanism whereby fatty 
acids are oxidized has been generally accepted since the classical 
experiments of Knoop (1), of Dakin (2), and of Ringer (3). More 
recently Quick (4) has shown that the total benzoic acid or phenyl- 
acetic acid eliminated in combination with glycine and glucuronic 
acids after feeding the phenyl-substituted fatty acids represents a 
practically quantitative transformation. The last investigator 
concludes that the fatty acids are broken down exclusively by 
8 oxidation in the dog. Clutterbuck and Raper (5) have shown 
that y and 6 oxidation occur as well as 8 oxidation when the longer 
chain fatty acids are oxidized by hydrogen peroxide. Whether 
these might be similar pathways of oxidation in vivo, however, was 
not ascertained. In a later paper (6) these investigators failed 
to observe an excretion of phenylsuccinic acid after the subcu- 
taneous administration to a dog of 8-phenylhexoic acid. The 
former compound should have originated if y oxidation had taken 
place. 

Although the evidence for 8 oxidation seems quite convincing 
as a result of the experimental results reported above, the quanti- 
tative transformation of the unsubstituted fatty acids when fed 
to normal fasting animals should be the final proof to complete it. 
With the exception of the experiments of Gottschalk (7) who 

* A preliminary report of some of these data has been published (Butts, 


J.S., J. Biol. Chem., 105, xv (1934); Butts, J. S., Deuel, H. J., Jr., and 
Hallman, L., Proc. Soc. Exp. Biol. and Med., in press (1935)). 
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showed that a marked ketonuria followed the administration of 
butyric acid to a fasting man, no extensive studies on the oxidation 
of fatty acids themselves in vivo have been made. Shaffer (8) has 
considered that the fatty acids are oxidized exclusively by 8 oxida- 
tion so that only one diacetic acid residue is formed from each 
fatty acid chain, irrespective of length. 

The procedure of Butts and Deuel (9) for the production of an 
artificial ketonuria in fasting rats by the administration of regu- 
lated doses of sodium acetoacetate by stomach tube twice daily 
offers a method for comparison of the ketogenic ability of various 
fatty acids. Although varying amounts of the administered 
diacetic acid are oxidized in the fasting rats, the average ketone 
body excretion of a small group of animals after receiving similar 
amounts of diacetic acid is usually found to be quite close. In the 
present paper a comparison is made in the ketonuria which devel- 
ops following the administration of isomolecular quantities of the 
sodium salts of propionic, butyric, 8-hydroxybutyric, diacetic, 
valeric, caproic, heptoic, and caprylic acids. 


EXPERIMENTAL 


Fasting male and female rats of 4 to 6 months of age from our 
stock colony were used. Most of the animals had previously been 
on a high carbohydrate diet (Diet II), described elsewhere (10). 
In some of the later tests the rats had previously received a similar 
diet to which 5 per cent of desiccated liver had been added (Diet 
III). Because of the pronounced effect of the inclusion of liver 
in the diet on the resultant ketonuria (11), separate control tests 
are reported for the later experiments. 


1 The composition of Diet III is as follows: 


per cent 

ds wines dine deans bane eehae haw 43.0 
ERT EERE ae, eee: Rae eee fe 8 28.0 
icc scnsngenhstenaednessntesn sean 16.0 
hg Ls ies i alin a ne wee eee am 5.0 
re Cis cen sake erage Nee ese eae sane ren 4.0 
OI EUS Cat 2. ii, Sich nd dee ee dae bes weap 6 yew een 2.0 
NI. 3c bic belek Kae Wad Hed cwohine nes sneclagenTened 1.0 
ee cas eda keen eed de buaulaeevuea keine 0.5 
a Ase 2 nS Be ea ey eae eee nee ees AER 1.0 


The ground liver which was obtained locally was from beef imported from 
Argentina. According to Dr. 8. Lepkovsky, its vitamin G content was ap- 
proximately the same as in comparable amounts of fresh liver. 
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The salts of the acids were administered in isomolecular quanti- 
ties of 0.259 mole, equivalent to 15 gm. of acetone per sq.m. of 
body surface, by stomach tube in two divided doses daily. The 
surface area was computed by the formula of Lee (12) from the 
body weight at the start of the fast at 5 p.m. prior to the first feed- 
ing at 9 a.m. the following morning. 

The butyric, valeric, caproic, heptoic, and caprylic acids? were 
chemically pure materials obtained from the Eastman Kodak 
Company. Their purity was verified by titration with standard 
base. The lowest values were obtained with butyric acid for 
which 97.9 per cent wasfound. The other compounds varied from 
98.5 to 100 per cent. Eastman technical propionic acid was used 
and its strength found to be 95 per cent. 

The diacetic acid was obtained by saponification of the ethyl 
ester with sodium hydroxide, as described elsewhere (13). The 
sodium salt of 6-hydroxybutyric acid was synthesized by the 
method of Wislicenus (14) as modified by Dunn.’ The elementary 
analysis as found by Dr. Dunn was as follows: 


Calculated. C 38.04, H 5.60 
Found. “* 37.96, ‘* 5.47 


Its identity was also established by the proof of conversion into 
a-crotonic acid on distillation with concentrated sulfuric acid. 
The assay of the sample was carried out by the usual method of 
Van Slyke (15), considering that only 75 per cent of the B-hydroxy- 
butyric acid is capable of transformation to acetone with the 
formation of the mercury-acetone compound. 

The original sample of heptoic acid as obtained from the East- 
man Kodak Company was decidedly toxic and all of the six ani- 
mals to which it was administered died within a few hours. After 
the material had been repurified by a refractionation,‘ its toxicity 
was lost. 

In the control experimerts in which sodium bicarbonate was 


?Samples of specially purified caprylic and lauric acids were kindly 
furnished us by Dr. S. Lepkovsky of the University of California. The 
Eastman products gave identical results with them. 

> Dr. M. S. Dunn of the University of California at Los Angeles sup- 
plied us with the first sample of this salt. Miss Margaret Gulick in our 
laboratory subsequently prepared the second sample which was also used 
in the tests. We wish to express our thanks for both of these preparations. 
‘ This purification was carried out by Dr. M. 8S. Dunn. 











600 Studies on Ketosis. VI 


administered, the volume of solution containing the appropriate 
dose of the solute was so large that it was necessary to give it to 
the rats in three divided doses daily. 

The determination of diacetic acid, 8-hydroxybutyric acid, and 
total acetone bodies in the urine was made by the method of Van 
Slyke (15). The estimation of urine nitrogen was carried out by 
the Kjeldahl procedure. Tests for urine sugar and albumin were 
made routinely and the results on the few animals which showed 
positive tests were discarded. 

Since the Van Slyke reagent reacted with valeric acid, the 
determination of acetone bodies was also made by the Hubbard 
method (16) in some cases. The latter procedure was found to 
give negative results with valeric acid. All the other acids when 
mixed with water in the maximum amounts ingested by any of the 
rats (about 0.5 gm.) gave blank results when carried through the 
copper hydroxide precipitation, after which the filtrate was boiled 
for 14 hours with mercuric sulfate solution to which potassium 
dichromate was added. 


Results 


A summary of the experiments with diacetic, 8-hydroxybutyric, 
butyric, and caproic acids is given in Table I. 

The acetone body excretion calculated on the basis of body 
surface is practically identical in the tests on 6-hydroxybutyric, 
butyric, and caproic acids with that of the diacetic acid controls. 
Although the level of the excretion of acetone bodies in the males 
is somewhat lower than the average value reported elsewhere (17) 
for a larger group (in which these values are included), it is the 
mean for rats which were litter mates of the animals which were 
receiving the other acids with similar diets, and with which the 
experiments were made simultaneously. The sex difference in 
susceptibility to ketonuria (9) is shown not only after the admin- 
istration of diacetic acid but also after butyric and caproic acids 
were fed. 

The proportion of the total acetone bodies which was composed 
of diacetic acid is practically identical in the butyric and diacetic 
acid experiments with the females. When caproic acid was admin- 
istered to female and to male rats, the proportion is somewhat less 
than after butyric or diacetic acid was taken. In the tests with 
males the ratio of diacetic acid was considerably higher than with 
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females also fed diacetic acid, as well as greater than that of the 
males which had received butyric or caproic acid. The diacetic acid 
made up an unusually small amount of the total acetone bodies 
after dl-8-hydroxybutyric acid had been fed. This reached a 
maximum of 17.6 per cent of the total, compared with a minimum 
of 27.6 per cent on another day after the feeding of diacetic acid. 
In a few experiments in which larger amounts of 8-hydroxybutyric 
acid were fed (Group II, Table I), the proportion of diacetic acid 
was not appreciably augmented in spite of a large increase in the 
excretion of total acetone bodies. 

Experiments with Caprylic Acid—The effect of caprylic acid on 
the ketonuria of fasting female rats as compared with diacetic 
acid is reported in Table II. Because of the divergency in results 
from those generally accepted, the results of the individual tests 
are given in detail. The Eastman preparation of caprylic acid 
was used in the first tests, while that kindly supplied to us by Dr. 
Lepkovsky was employed in the later ones. 

The level of the acetone body excretion in the urine is about 
twice that in the animals which received caprylic acid as compared 
with that of the rats to which an isomolecular amount of diacetic 
acid was fed. The results recorded in the first part of Table II 
become more pronounced as the experiment is continued and 
reach their highest value on the 5th day, when the amount of the 
acetone bodies excreted averages 2.07 times as much in the rats 
receiving caprylic acid as in those fed diacetic acid. In the tests 
recorded in the second part of Table II on another group of female 
rats, which lasted only 2 days, the ratios of acetone body excretion 
following the two acids are 2.50 and 1.95 respectively. In a third 
group of animals not recorded here, the acetone body output in 
the animals given caprylic acid was more than double (2.58) on 
the lst day that for a similar number of diacetic acid controls. 
On the 2nd and 3rd days the ratios were 1.24 and 1.21 respectively. 
Because of the divergency in our results from those expected after 
the administration of caprylic acid, the control values on nitrogen 
excretion are summarized in Table III. 

No significant differences in nitrogen excretion sufficient to 
explain the variations in the level of ketonuria after feeding 
caprylic and diacetic acids are evident. 

Experiments with Valeric Acid—Since it was noted that valeric 
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acid itself gave a precipitate with Denigés’ reagent, which was 
largely increased when the oxidation with dichromate was em- 
ployed, the determination of acetone bodies by the Hubbard 
method was employed also in some of the tests after the adminis- 
tration of valeric acid. Since practically blank values were given 


Tas_e III 


Average Nitrogen Excretion in Urine of Fasting Female Rats after Sodium 
Caprylate and Sodium Acetoacetate 





iii Urine N, gm. per sq. m. per day 
administered 





Ist day | 2ndday | 3rdday | 4th day | 5th day 





Group I Sodium caprylate| 4.50(6)) 4.24(6)) 3.28(5)| 2.95(4)| 3.00(4) 
(Table “*  aceto- 




















II) acetate 3.89(6)| 3.91(6)| 3.87(6)| 3.69(6)| 3.90(6) 
Group IT Sodium caprylate| 5.57(5)| 4.85(3) 

(Table - aceto- 

IT) acetate 4.60(5)| 4.42(5)| 4.10(3) 





The figures in parentheses represent the number of animals, 


TaBLe IV 


Comparative Analysis of Diacetic and Valeric Acids by Van Slyke and 
Hubbard Procedures 























Van Slyke procedure | Hubbard procedure 
Acid Recovery 

Sample <a Sample | Total acetone 

taken | Diacetic acid | *Tyaroxs- | Total acetone | taken ies 

fraction fraction bodies 

— -~ mg. |per cent| mg. |per cent! mg. |per cent| me. 00 | mg. rc cent 
Valeric.....| 150 | 2.9| 1.9 | 10.2} 6.8 | 13.1) 8.7 i= |0.5| 13 
Diacetic. .. | | * | 2.54) 2.46) 96.9 














* The amount of diacetic acid recovered by the Van Slyke procedure is 
considered 100 per cent. Its concentration is calculated from this analysis. 


for this acid by the latter procedure, it was possible to prove that 
acetone bodies in small amount were excreted after the adminis- 
tration of valeric acid rather than unmetabolized valeric acid 
itself. The values for acetone bodies on valeric acid and on 
diacetic acid by these two procedures are reported in Table IV. 
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A summary of the results on the valeric acid tests on female 
rats as well as of the control tests on diacetic acid is given in 
Table V. Because of the small excretion of acetone bodies obtained 
in the experiments with the odd numbered fatty acids, the frac- 
tionation of these compounds has not been carried out. 

Although our results on recovery in the diacetic acid control 
tests are somewhat unsatisfactory by the Hubbard procedure, 
the values of acetone bodies in the valeric acid tests determined 
by the Van Slyke and Hubbard methods are sufficiently close to 
indicate that practically all of the material giving a precipitate 
with Denigés’ reagent is composed of acetone bodies. 


TABLE V 
Comparison of Excretion of Diacetic Acid in Fasting Female Rats after 
Diacetic and Valeric Acids As Determined by Van Slyke 
and Hubbard Methods 





Acetone body excretion, mg. per day 





Valeric acid Diacetic acid 





Ban ccscncoscseespanesesons 1 


|Z 


3rd | 4th | 5th | Ist | 2nd | 3rd | 4th | Sth 


. 1/56 .3/60 .7/41 .3)131 .7|137 .8)191 . 1/232 .2/199.4 
49 3/57 .3/37.8) 86.1)110 4/138 .7/185 8/151 .2 





Van Slyke method... .|27.6 
Hubbard method...... 26.7 
Per cent recovery by 
Hubbard method... .|96.7 
No. of experiments....| 8 


0/87 .5/95.0/91.5) 63.2) 80.3) 72.6) 80.0) 76.0 
7|;6/3 4 4 3 2 2 

















oe £8 
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In Table VI the results of the tests with valeric acid on the 
female rats reported in Table V are summarized, the results for 
acetone bodies being expressed in gm. per sq.m. for comparison 
with those after the other acids. . A summary of other tests on male 
animals (in which only the Van Slyke procedure was employed) is 
included. The values for urinary nitrogen of the animals receiving 
sodium valerate, sodium heptoate, and sodium propionate, as well 
as for the sodium acetoacetate controls, were within the normal 
range. 

In distinction to the results on the even chain fatty acids so far 
investigated, the acetone body excretion amounts only to about 
one-fourth of that of the diacetic acid controls after valerie acid 
is administered. 
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Experiments with Heptoic Acid—Six experiments in which our 
rats lived 1 day or more were completed with the purified heptoic 
acid. They are recorded in Table VII. 


Taste VI 
Acetone Body Excretion in Fasting Rats Following Administration of Sodium 
Valerate or Sodium Aceloacetate Equivalent to 15 Gm. (As Acetone) 
per Sq. M. per Day 





Acid Bod Acetone bodies, gm. per sq. m. per day 
Fer ar a weig’ t 








Ist day | 2nd day | 3rdday | 4th day | 5th day 





gm. 
Females* | Valeric 197(8)| 0.92(8)| 1.90(8)| 1.91(7)| 2.14(6)| 2.04(4) 
Diacetic | 185(4)| 4.52(4)| 4.75(3)| 6.73(3)| 7.82(2)| 6.74(2) 
Malest Valeric | 252(5)| 1.35(5)) 1.21(5)} 1.02(4)| 1.36(2)| 0.98(2) 
Diacetic | 244(5)| 4.64(5)| 5.63(5)| 6.03(5)| 6.78(4)| 4.70(4) 


























The figures in parentheses represent the number of rats of which this 
is an average. 

* Previously on Diet II. 

t Previously on Diet III. 


TaB.e VII 


Acetone Body Excretion in Fasting Female Rats Receiving Sodium Heptoate 
or Sodium Propionate Equivalent to 15 Gm. (As Acetone) 
per Sq. M. per Day 



































Sodium heptoate Sodium propionate 
Acetone bodies, =. Acetone bodies, py per 
Bod per sq. m. per day Bod 8q. m. per day 
Rat No. weight Rat No. Bae = A 
Ist | 2nd | 3rd | 4th Ist | 2nd | 3rd | 4th | 5th 
day | day | day | day day | day | day | day | day 
gm. i gm a i 
2144 212 =(0.11/0.11/0.28)/0.72) 2150 152 (0.17/0.06)0.03)/0.00/0.01 
2145 184 (0.09/0.30)0.35 2152 166 (0.03/0.03/0 .00)0.00)0.01 
2146 170 = (0.22/0.48 2153 173 |0.06/0.86 
2147 158 |0.09 2154 226 |0.95/0.12/0.09/0.02/0.03 
2148 174 /|0.10/0.10)/0.20 2155 212 |0.66/0.07/0.04/0 .03)0.00 
2149 130 = =(0.21 
Average........ . 10.14/0.25)0 .28)0 .72 0 .57/0 23/0 .04/0.01/0.01 





























In order to determine whether the failure of the production of an 
appreciable acetonuria after heptoic acid might be ascribed to an 
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inability in metabolizing it after its absorption, tests were made to 
determine whether sodium heptoate might be excreted unchanged 
in the urine. When 0.656 gm. of heptoic acid (as the sodium soap) 
was added to urine, 87.5 per cent was recovered by extraction 
with ether after acidification with H.SO,. When four different 
urine samples from three animals receiving heptoic acid were 
acidified and extracted with ether, practically blank results were 


Taste VIII 


Urine Acetone Bodies in Fasting Rats Receiving Sodium Bicarbonate in 
Doses of 2.17 Gm. per Sq. M. per Day 


















































Females Males 

Urine acetone bodies, __ Urine acetone bodies, 

ng = A per sq. 4 day _ aa A per sq. i day 
Ist | 2nd/| 3rd | 4th | 5th Ist | 2nd | 3rd | 4th | 5th 
day *| day | day | day | day day *| day | day | day | day 

gm gm 

2099 186 |3.89/0.06)0.35/1.25/1.02) 1556 | 205 |2.49/0.07/0.04)0.00 
2100 170 |6.70/0.89/0.38/1.02/0.36) 1557 | 222 |2.16/0.12/0.05)0.02)0.00 

2101 208 3 .30/0 07/0. 17/0 86/0 .37 1558 | 270 |1.28)0.08/0.04/0.02 
2124 161 |4.12/2.22/2.87|1.59)1.88) 2102 | 232 |3.28/0.18)0.41/0.41/0.88 
2125 154 |3.13/1.13/2.55|2.05/2.20] 2103 | 257 |1.45/0.05/0.06)0.05)0.04 
2126 179 |3.23/1.49)3.15/3.68/4.13| 2104 | 277 |0.82/0.10/0.09|0 .07/0.04 
2127 185 |3.11/0.28/1.14/0.05)0.07| 2105 | 284 /|3.23/0.20/1.39)0.82/0.42 
2128 183 |5.52/2.75/2.34/2.78/2.43) 2106 | 319 /|1.40/0.10)0.11/0.08/0.04 
2129 217‘ |2.73/0.57/2.02|1.73)1.95) 2107 | 295 0.7710 0810 .06)0 .04/0 .06 
2130 208 |2.47/0.60/0.26/0.20/0.07| 2120 | 259 |1.95)0.19)0.18/0.30/0.09 
2123 | 314 |1.76/0.50/0.42/0.15)0.08 
2131 | 230 |0.79/0.06)0.06)0.04/0 .04 
2132 | 262 |1.9910.15)/0.17/0.10)0.21 
Average...... 3.82)1.01)1.52)1.52)1.45 1.80/0.14/0.24/0 .16)0.17 





























* 1.5 gm. of diacetic acid (as acetone) per sq. m. on this day only. 


obtained. The amount which might be so accounted for averaged 
slightly over 2 per cent. 

Experiments with Propionic Acid—Although the experiments of 
Ringer (18) indicate that propionic acid is a sugar former, it 
seemed advisable to conduct experiments with this acid to control 
further the tests with the other acids. The results are given in 
Table VII. 

Only a small amount of acetone bodies was excreted on the Ist 
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and 2nd days when propionic acid was fed. The acetonuria was 
negligible during the last 3 days when sodium propionate was 
administered. 

Experiments with Sodium Bicarbonate—If the odd numbered 
fatty acids be broken down by £ oxidation to propionic acid which 
is oxidizable or convertible to glucose, it is probable that an 
alkaline residue of sodium bicarbonate would remain which would 
tend to produce an alkalosis. The amount of sodium bicarbonate 
so formed should be the molecular equivalent of the soaps which 
arefed. In view of the results of Booher and Killian (19) in which 
alkalosis due to overdosing with bicarbonate or to excessive loss of 
HCl through vomiting was shown to occur concomitantly with a 
high ketosis, it seemed necessary to carry out control experiments 
with bicarbonate feeding. 

In the following tests 21.7 gm. of sodium bicarbonate per sq.m. 
of body area, dissolved in water, were given in three equal divided 
doses daily. This amount is equivalent to the sodium adminis- 
tered when 15 gm. of sodium acetoacetate (calculated as acetone) 
or equivalent amounts of the salts of other fatty acids are fed per 
sq.m. The animals used in these experiments had previously been 
fed on Diet II until the ketonuria during a period of fasting was 
negligible. 'The experiments are recorded in Table VIII. 

Similar results were obtained on another series of six male and 
six female rats fed sodium bicarbonate. The exaggerated keton- 
uria in the females over that of the males receiving a similar 
treatment is also evident in the second group. 


DISCUSSION 


The experiments reported here offer the first direct proof of the 
quantitative conversion of butyric and caproic acids into the 
acetone bodies, after which they suffer the same fate as an isomolec- 
ular quantity of diacetic acid. In a large number of rats almost 
an identical amount of acetone bodies was eliminated in the urine 
over a period of 5 days when the sodium salts of these acids were 
fed. 

On the other hand, after the administration of caprylic acid, the 
excretion of acetone bodies was consistently greater and in many 
instances it averaged about twice the amount that was found in the 
diacetic acid controls. The excretion of acetone bodies was only 
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0.25 to 0.60 mole per mole ingested in the control experiments 
with diacetic acid. Therefore the excretion of 1 mole of acetone 
bodies per mole of ingested caprylic acid is evidence that some 
molecules of caprylic acid must have each been split into two 
4-carbon acids capable of being transformed into acetone bodies. 
In one experiment (Rat 2116), the acetone body output was 19.96, 
20.36, and 20.31 gm. per sq.m. on the 3rd to 5th days respectively, 
during which period an amount isomolecular to 15 gm. of acetone 
was being administered. In this instance, the greater acetone 
body output can only be explained on the basis of 6 oxidation. 
Although these experiments may not be interpreted to prove that 
a quantitative 5 oxidation may occur in the metabolism of caprylic 
acid, they can only be construed as indicating that such a process 
takes place to a considerable extent. 

When valeric or heptoic acid is fed, only small amounts of the 
acetone bodies are excreted in the urine. This speaks very 
definitely in support of the 8 oxidation theory. Had any consid- 
erable amount of @ oxidation taken place, the butyric or caproic 
acid so formed would have been largely excreted as acetone bodies 
in the urine. The ketonuria which developed in the rats receiving 
heptoic acid was definitely less than in those receiving sodium 
bicarbonate, so that the results may be considered as blank ones. 
The values after valeric acid varied between 0.92 and 2.14 gm. 
per sq.m. in the female rats, which is somewhat higher than in the 
sodium bicarbonate controls. In the males the values ranged 
from 0.98 to 1.36 gm. per sq.m., which is considerably higher than 
in the bicarbonate controls. If the results on valeric acid are to 
be construed as indication of its transformation into the acetone 
bodies, such an a oxidation can only be of minor importance and 
would account for an average of less than 25 per cent of the total 
oxidation. 

The fractionation of the acetone bodies showed that the percent- 
age of 6-hydroxybutyric acid tended to be from 70 to 75 per cent 
of the total after butyric, caproic, and caprylic acids, and, in most 
cases, diacetic acid. There was a tendency for the 6-hydroxy- 
butyric acid fraction to be lowest in the diacetic acid tests (partic- 
ularly in the experiments on males), intermediate in the butyric 
and caproic acid experiments, and highest after caprylic acid. 
However, after isomolecular amounts of dl-8-hydroxybutyric were 
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administered, the 8-hydroxybutyric acid fraction in the urine 
varied from 85 to 92 per cent. Although these experiments 
indicate the ability of 6-hydroxybutyric acid to be converted into 
diacetic acid, this change has only taken place to about one-half 
the extent that occurs with the other even chain fatty acids 
examined. Even after the dose of sodium $-hydroxybutyrate 
administered was increased to 25 gm. per sq.m. per day, the 
amount of diacetic acid averaged only about 12.5 per cent on 2 
successive days or about one-half of the 25 to 30 per cent obtained 
after the other acids. This might be explained on the basis that 
the naturally occurring levo compound is the only one capable of 
conversion into diacetic acid, while the dextro isomer is unable 
to undergo any such transformation. Provided such is the case 
in the metabolism of any quantity of the sodium salt of the racemic 
acid, only half of the molecules are capable of diacetic acid forma- 
tion, with the result that the proportion of this fraction is corre- 
spondingly reduced. We now believe that this does not necessarily 
prove that §-hydroxybutyric acid is not a normal direct inter- 
mediate in the formation of the acetone bodies, although we so 
stated it in our preliminary report. 

An equilibrium between excreted diacetic and 6-hydroxybutyric 
acids similar to that obtained in the urine of fasting human subjects 
or in that of fasting rats receiving diacetic acid might follow the 
ingestion of the levo isomer of 8-hydroxybutyric acid. 

Although the total acetone bodies in the urine after the 6- 
hydroxybutyric acid approximate the value found for diacetic 
acid during the first 2 experimental days, the much higher level 
obtained on the 3rd and 4th days might be traced to the presence 
of a large amount of non-metabolizable d-8-hydroxybutyric acid. 
The solution to this problem can only be arrived at by similar 
studies on the individual isomers. 

_ A variation in absorption of the different sodium soaps cannot 
be an explanation of the divergencies reported in this paper. 
Although no tests were made on the amount of fatty acids present 
in the feces, there was no indication from the amount or the 
consistency of the stools that the fatty acids were failing to be 
absorbed. In most cases no feces or only a minimum of well 
formed stools was excreted after the Ist fast day during which the 
soaps were being fed. In tests on lauric acid which are not reported 
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in detail in the present paper, there was a low ketonuria which was 
accompanied by the elimination of a large quantity of stools having 
the consistency and color suggestive of the presence of soaps. This 
excretion continued for the several days, during which the experi- 
ment was carried out with several animals. In most cases the 
laurate was toxic and the animals survived only about 24 hours. 
The low ketonuria in this case is probably traceable to its non- 
absorption. 

The practically complete digestibility noted by Langworthy 
and Holmes (20) and Holmes and Deuel (21) for various animal 
and vegetable fats in human subjects indicates no difference in 
absorption for those fats having appreciable quantities of short 
chain fatty acids (as butter or coconut oil) and for those made up 
almost exclusively of the longer chain compounds. 

The large volume of urine (15 to 25 cc.) which was produced 
daily is evidence that kidney insufficiency could not be the reason 
for the variation in ketonuria. Moreover, albumin tests were 
made routinely to determine the presence of any kidney defect. 
Lastly, the determination of urinary nitrogen was made as a 
control of kidney function. 

The failure in an appreciable ketonuria after heptoic acid 
administration cannot be due to the inability of the body to 
metabolize these acids after their absorption. Such small amounts 
of ether-soluble material could be extracted from the acidified 
urine of animals fed on heptoic acid that the conclusion must be 
reached that the elimination of unchanged material by the kidney 
is inappreciable. 

Although Butts and Deuel (9) found no sex difference in the 
slight acetone body excretién which occurs in normal fasting rats, 
the female rats develop a much greater ketonuria after sodium 
bicarbonate administration than do the male animals. In most 
of the latter group, the acetone body output remains at a blank 
value during the 4 days that the sodium bicarbonate was adminis- 
tered. The lower ketonuria in the female rats receiving sodium 
propionate than in the sodium bicarbonate controls suggests that 
the sugar formed from propionic acid may be able to counteract 
the ketosis resulting from the alkalosis. 

The fact that practically blank values were obtained on the 
bicarbonate control animals on the Ist day following the adminis- 
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tration of diacetic acid indicates that the elimination of the acetone 
bodies from ingested diacetic acid is quite rapid. It must be 
completely eliminated not later than 16 hours after its admin- 
istration. 

The sex difference in the ketonuria produced after the adminis- 
tration of diacetic acid to fasting rats is definitely shown in the 
experiments reported here. Such a variation is evident, not only 
for the ketonuria developed after diacetic acid, but also for that 
following the administration of butyric, caproic, and valeric 
acids. 


SUMMARY 


1. The acetone body excretion in fasting rats after the adminis- 
tration of butyric or caproic acid was practically identical with the 
excretion found when an isomolecular quantity of diacetic acid was 
fed. (All acids were fed as sodium salts.) 

2. The excretion of acetone bodies was approximately twice as 
great after the administration of caprylic acid as it was after the 
administration of an isomolecular amount of diacetic acid. This 
indicates that 6 oxidation has taken place. 

3. The administration of valeric acid was followed by a small 
ketonuria which exceeded slightly that of the bicarbonate and 
propionic acid controls. If a oxidation occurs in the intermediary 
metabolism of valeric acid, its importance is small. 

4. Heptoic acid produces only a slight ketonuria. 

5. B-Hydroxybutyric acid makes up 70 to 75 per cent of the 
total acetone bodies after butyric, caproic, or caprylic acid. It is 
slightly lower after diacetic acid and reaches 85 to 95 per cent after 
8-hydroxybutyric acid is fed. 

6. The female fasting rat has been shown to be more susceptible 
to a ketonuria produced by alkalosis than is the male. 

7. The sex difference noted previously when diacetice acid was 
fed to fasting rats is also apparent when butyric, caproic, and 
valeric acids are administered. 

8. Denigés’ reagent has been shown to react with valeric acid. 

9. It is concluded that both 8 and 6 oxidation may play a 
prominent part in the intermediary metabolism of the fatty 


acids. 
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Comparatively little is known of the effects of hyperthyroidism 
on the distribution of creatine in the tissues. Abelin and Spichtin 
(1) analyzed the liver and muscle of eleven rats that had been fed a 
thyroid preparation and reported extremely large losses of creatine 
from both, exceeding 60 per cent in some instances. However, 
these astounding results are open to serious criticism if for no 
other reason than that their data for the muscle creatine of the five 
normal control rats varied from 167.75 to 466 mg. per cent, a 
range of values which stands in marked contrast to the much 
more consistent data obtained by Chanutin and Kinard (2) and 
confirmed by the present writer. 

Since the present work was begun, Cowan (3) has reported that 
the creatine content of the ventricles is lowered in thyroxinized 
rats. Compared with a normal average of 198 mg. per cent, the 
animals that had received thyroxine for a period ranging from 7 to 
33 days contained in the ventricles an average of 152 mg. per 100 
gm., while in other animals after a single dose of 0.5 to 0.9 mg., 
the creatine content was diminished to an average of 121 mg. per 
cent. As the animals in the chronic group were killed from 1 to 4 
days after the last injection, the factor of possible restorative 
changes in some of them has evidently not been taken into account. 

With the exception of several determinations of phosphocreatine 
in heart muscle, this report is limited to the changes of the total 
creatine in the heart, skeletal muscle, testes, and liver, produced 
by the administration of either thyroid substance or synthetic 
dl-thyroxine (Hoffmann-La Roche). 
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EXPERIMENTAL 


Mature albino rats were employed, the stock being a pure, 
inbred Wistar strain, reared under very favorable conditions. The 
basic diet in this laboratory consists of Purina Chow, a dog food 
preparation. During pregnancy and lactation this is supple- 
mented with a mixture composed of ground Chow, 2 parts; a dried 
milk preparation, 1 part; brewers’ yeast, 0.1 part; and cod liver oil. 
Sufficient water is added to form a semisolid mixture. This 
supplementary ration is also furnished to the young for 1 week 
before and 2 to 3 weeks after weaning. 

The daily dose of thyroid (v.s.pr., Lilly) was 250 mg. per 100 gm. 
of body weight. The thyroxine dose was usually 2 mg. daily, 
administered subcutaneously. In view of the statement (4) that 
the vitamin B requirement is increased in hyperthyroidism, the 
rats receiving thyroid and thyroxine were fed an extra amount of 
brewers’ yeast. 

For the determination of total creatinine in the tissues, the 
method of Rose, Helmer, and Chanutin (5) was used, the results 
being expressed as creatine. While a clearer conception would be 
gained if the data for each animal were tabulated, for the sake of 
economizing space, only a summary of the data is given (Table I). 

The survival period of the animals receiving thyroid and thy- 
roxine varied within wide limits. At first it was thought that this 
might be due to individual differences in resistance, but it later 
appeared that the temperature of the environment was the impor- 
tant factor involved. On similar doses of thyroid, or thyroxine, 
rats survived much longer in cool than in warm weather. The 
tendency to lose weight was also less marked at moderate tempera- 


tures; indeed under these conditions several rats were observed to . 


gain weight on doses of thyroxine as high as 2 mg. daily. 

Heart—There was essentially no difference in the creatine 
content of the ventricles in male and female rats. The average 
for the normal control group approximated closely the value (198 
mg.) obtained by Cowan (3). In the rats receiving desiccated 
thyroid the most striking change occurred in the heart, where the 
creatine content was diminished to an average of 56 per cent of 
normal. Death frequently overtook the thyrotoxic animals in a 
sitting posture, suggesting heart failure. 
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Effect of Thyroid and Thyroxine on Creatine Content of Rat Tissues 
Groups I and II received 250 mg. of thyroid daily per 100 gm. of body 


weight; Groups III and IV, 2 mg. of thyroxine daily. 




















































































































Bety Creatine, mg. per 100 gm. 
weignt Duration Cae Weight | Creatine 
———— lof experi- ven- | in ven- 
ment Heart | tricles | tricles 
Initial) Final Liver |Testes} Muscle |(ventri- 
cles) 

Controls (8 males) 
_ gm. | gm. days gm. mg. 
Minimum,.....| 144 | 185 18 | 245} 470 |178.8 | 0.463 | 0.867 
Maximum.....} 185 | 237 39 | 347] 521 (218.1 | 0.787 | 1.2 
Average.......| 166 | 212 30 | 298 | 498 {192.1 | 0.546 | 1.046 

Controls (6 females) 
Minimum......} 146 | 155 20 480 |181.0 | 0.449 | 0.688 
Maximum..... 158 | 185 27 518 (200.0 | 0.586 | 1.0 
Average.......| 151 | 176 23 497 |194.0 | 0.502 | 0.903 
Group I (16 males, 9 females; autopsy soon after death) 
Minimum.,.....| 152 | 140 5 28 | 297 | 407 | 83.4 | 0.600 | 0.571 
Maximum.....| 317 | 256 | 25 43 | 364] 511 (137.0 | 1.001 | 1.128 
Average....... 208 | 177 | 10.6 | 35 | 330 | 452.5)106 8 | 0.765 | 0.800 
Group II (6 males, 4 females; alive before autopsy) 
Minimum......| 146 | 122; 8 16 | 271 | 414 | 88.3 | 0.615 | 0.633 
Maximum.....| 215 | 214 | 27 35 | 359 | 504 [130.5 | 0.994 | 1.050 
Average...... ;| 180 | 173 | 19 24 | 330 | 452 |109.2 | 0.789 | 0.827 
Group III (3 males, 9 females; autopsy soon after death) 
Minimum......| 148 | 137 | 10 15.4) 316 | 370 | 80.5 | 0.552 | 0.580 
Maximum..... 362 | 300 | 30 42 | 329 | 462 {110.0 | 1.010 | 1.010 
Average.......| 212 | 175 | 18 29.7| 321 | 417 | 96.95) 0.784 | 0.753 
Group IV (1 male, 4 females; alive before autopsy) 

Minimum,.....| 148 | 138 | 18 20 | 313 | 372 | 88 0.643 | 0.658 
Maximum..... 283 | 234 | 22 38 478 (120.7 | 1.127 | 1.020 
Average.......| 195 | 181 | 21 32 | 313 | 405 {101.6 | 0.893 | 0.884 
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Similar results were obtained with synthetic thyroxine. When 
several animals in a given group died, some of those that were still 
living were sacrificed and the tissues removed for analysis. The 
change in the creatine content of the ventricles was practically the 
same in the two groups. The hearts of the animals that had died 
contained on an average 96.95 mg. of creatine per 100 gm., or 50 
per cent of normal, while those that were sacrificed had an average 
creatine content of 101.6 mg., or 53 per cent of the normal. 

The hearts of the hyperthyroid animals weighed more than 
normal. That the increase in the size and weight of the ventricles 
represented a true hypertrophy is indicated by the fact that the 
water content was the same as that of normal ventricles (Table II). 
Further evidence of cardiac hypertrophy was obtained by micro- 
scopic study, as will be reported elsewhere. 

Fieschi and Gavazzeni (6) observed a decrease in the phosphagen 
fraction of the heart muscle of thyrotoxic rabbits, this being 
accompanied, according to them, by an increase in free creatine. 
After a single injection of relatively large doses of thyroxine to 
guinea pigs, Mattonet (7) found the phosphocreatine fraction 
diminished in the myocardium. There was a smaller reduction of 
the pyrophosphate fraction, while the orthophosphate content 
increased. 

The phosphocreatine P fraction was determined in the hearts of 
three normal rats by the method of Eggleton and Eggleton (8). 
These were anesthetized with amytal, the chest was opened 
quickly, and the heart frozen in situ with carbon dioxide snow. 
The results were 4.7, 5.8, and 6.7 mg., respectively. The hearts of 
three thyrotoxic animals were analyzed similarly. -Two of the 
rats had been kept for 2 days at 35°, at which temperature the 
intoxication runs a very rapid course. The phosphagen P in each 
case was less than 1 mg. per 100 gm. The third rat, kept at room 
temperature, had received thyroid for 5 days previously. The 
heart contained 2 to 3 mg. of phosphagen P per 100 gm. On the 
basis of other observations it may be assumed that these animals 
would not have survived another day, or at most, 2 days, during 
which time it is perhaps reasonable to suppose that the phospho- 
creatine would have continued to diminish in the face of an in- 
creased demand due to the acceleration of the heart rate. Because 
of technical limitations these preliminary results are probably not 
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absolutely quantitative. Nevertheless, even when considered 
qualitatively, they indicate that heart failure in thyrotoxicosis 
may be specifically related to the disappearance of the phospho- 


TaBie II 
Data Showing Constancy of Water Content in Hearts of Thyrotoxic Rats 
and Their Normal Controls, in Association with Marked Cardiac 
Hypertrophy in the Former 



































2 3 (Vegeste: 
E: | g weight) + 3 
R}e | 2 | Oey, 3 
giel| eis 5 Xx 100 g 
: i. ¥ 3 . on 5 
élalal2lsal 3 lgelazia lal | 
3/2/27) 2/22] 2 zt 3 | 2) 2 
gm. igm. | days gm pA } A 100 gm. 

52 236 S. |0.581 2.46/23 .69|76.31| 189 | Normal control 

53 220 * 10.553 2.52/23 .48/76 52) 218 6 * 

56 |180|154) 10 | “ |0.615)3.42|3.99/23.60/76.40| 105 | Thyroid 

58 |186|165| 16 | “ |0.762)4.10)4.62/23 .66/76.34| 121 ae 

67 |186/160} 20 | D. |0.790/4.25/4.93/23.10/76.90| 97 

68 |210/171| 10 | ‘* |0.753/3.59)4.40/23.70/76.30} 104 ” 

69 |232)196} 12 | ‘* |0.968)/4.17)4.94/23.87/76.13) 103 7 

71 |230/197; 8 | ‘* |0.871|3.79)4.42/24.40/75.60) 98 oa 

72 |242/225) 11 | “ |0.957/3.95/4.25/23.59/76.41) 117 aa 

73 |247|192| 21 | “* |0.797|3.23/4.15/23.90|76.10) 98 Pe 

74 |174/160} 10 | “ |0.673)3.86)4.20/23.35/76.65) 112 - 

49 |184/156) 23 | S. |0.626/3.40/4.01/23.17|76.83) 168 | Rat allowed to re- 
cover; no thyroid 
last 6 days 

70 |230)/247| 21 | ** |0.794 3.80/23 .94/76.06} 184 | Rat allowed to re- 

. cover; no thyroid 
last 9 days. 
Weight before re- 
covery 209 gm. 





























creatine reserve. How this is associated with the depletion of the 
total creatine remains to be determined. 

Muscle—Our results do not confirm the observations of Abelin 
and Spichtin (1). The average reduction in muscle creatine was 
only 9 per cent in the animals receiving desiccated thyroid. In 
experiments in which the more acute symptoms resulted, the 
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concentration frequently remained unchanged, or was even 
elevated. However, the increase was not as pronounced as that 
observed during fasting (9). A greater tendency to creatine 
depletion was noted in rats with the more chronic symptoms, and 
was somewhat more marked in the rats receiving thyroxine. 

Because our results differed so strikingly from those of Abelin 
and Spichtin (1), the possibility was considered that the thyroid 
preparation which they employed was more active. Accordingly, 
several rats were fed Burroughs Wellcome tablets in amounts 
which in their experiments produced an average decrease of 50 to 
64.4 per cent within a few days. No such effects were observed 
in our experiments. After feeding 2000 mg., the muscle creatine 
was found to be within normal limits (480, 501, and 475 mg. per 
cent). Indeed the animals lost very little weight and the heart 
creatine was only moderately diminished (10 to 20 per cent). In 
one experiment a rat weighing 180 gm. was fed 7000 mg. of the 
tablets over a period of 11 days. Three specimens of muscle were 
found to contain 461, 455, and 463 mg. of creatine per 100 gm., 
respectively. However, in this animal the creatine content of the 
ventricles was markedly lowered (125.5 mg. per cent). 

Liver—The results of Abelin and Spichtin (1) were not con- 
firmed. Contrary to their report, a slight increase in liver creatine 
was frequently noted in the thyrotoxic animals, especially in 
the experiments in which the intoxication was acute. 

Normal values were obtained in the rats fed Burroughs Well- 
come thyroid tablets. 

Testes—There seem to be no data in the literature concerning 
the effect of hyperthyroidism on the creatine content of the testes. 
In the rat the testicle is second only to skeletal muscle as regards 
creatine concentration. Indeed, on the basis of dry weights, the 
testicle was found to contain more creatine than muscle, 2.2 per 
cent for the former and 1.99 per cent for the latter. The calcula- 
tions were based on the results of a series of determinations in 
which the water content of the testes was found to average 86.5 
per cent and that of muscle approximately 75 per cent. 

In the hyperthyroid rats the creatine concentration of the testes 
tended to rise above that for the normal controls, as shown by the 
data in Table I. The water content remained unchanged. Of 
particular interest was the observation that while the body weight 
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of twenty-two male thyrotoxic rats diminished by an average of 
12.8 per cent, the testicles apparently retained their initial weights, 
as may be judged by comparing the ratio, weight per testicle (1.113 
gm.) to initial body weight (204 gm.) X 100 for these animals 
(0.546), with the data obtained in the series of normal male con- 
trols (average weight 212 gm., ratio 0.556) and the value (0.540) 
calculated from Donaldson’s reference tables (10). 

The rdle of creatine in the testicle and the factors which tend to 
increase it in hyperthyroidism remain to be determined. Estima- 
tions of the phosphagen fraction indicate that only a small propor- 
tion, about 3 to 4 per cent, is present as phosphocreatine. 


SUMMARY 


The administration of thyroid or thyroxine to.rats resulted in a 
marked reduction of the creatine content of the heart, frequently 
to 50 per cent of normal. Even more striking was the depletion 
of phosphocreatine observed in a small series of preliminary 
experiments. Not infrequently death occurred under conditions 
suggesting heart failure. These results indicate that the disap- 
pearance of phosphocreatine from the myocardium may be specifi- 
cally related to heart failure in acute thyrotoxicosis. 

All the hyperthyroid rats showed some degree of cardiac hyper- 
trophy; in some the ventricular weight to body weight ratio was 
approximately doubled. Because of the hypertrophy, the total 
creatine per heart diminished only about 20 per cent, on an 
average. 

The change in muscle creatine varied with the duration of the 
intoxication. In rats with acute symptoms there was usually 
little, or no reduction, while.in cases of more chronic intoxication 
the concentration was lowered as much as 30 per cent. 

The concentration of creatine in the testes of the hyperthyroid 
rats was moderately increased. In the liver, it varied approxi- 
mately within normal limits. 


Acknowledgments are due to Miss Virginia B. Duff for her 
technical assistance and to Eli Lilly and Company for supplying 
a part of the desiccated thyroid used in this work. 
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THE RING STRUCTURE OF THYMIDINE 


By P. A. LEVENE anp R. STUART TIPSON 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 13, 1935) 


The 2-desoxy-ribose nucleosides, first isolated by Levene and 
London! by the hydrolysis of thymus nucleic acid, are character- 
ized by their extreme ease of hydrolysis by very dilute mineral 
acids. Thus, guanine-2-desoxy-riboside is completely hydrolyzed 
by heating with 0.01 n hydrochloric acid during 5 minutes. Since 
the rate of hydrolysis is of the same order as that of the furano- 
sides, it was considered possible that the 2-desoxy-ribonucleosides, 
similarly to the ribonucleosides, have the furanoside ring structure. 

When, however, it was discovered? that methyl-2-desoxy- 
glucopyranoside is almost as readily hydrolyzed, it appeared just 
as feasible that the natural derivatives might have the pyranoside 
ring structure. Hence the question of their ring structure was in 
need of further special investigation. 

We have now studied the ring structure of the sugar portion of 
thymidine (thymine-2-desoxy-riboside). This substance is found 
to react with triphenylmethyl chloride in pyridine to give a 
monotrityl derivative. Since it was shown by us* that the 
analogous monotrityl uridine is the 5-substituted derivative, the 
formation of a monotrityl thymidine might, of itself, be considered 
a good indication that thymidine is, likewise, a furanoside. 

Definite proof of this conclusion was provided by substituting 
the remaining free hydroxyl group by a tosyl group and examining 
the behavior of the resulting monotosy] trityl thymidine on treat- 


‘Levene, P. A., and London, E. 8., J. Biol. Chem., 81, 711 (1929); 83, 
793 (1929). 

* Bergmann, M., and Breuers, W., Ann. Chem., 470, 51 (1929). Levene, 
P. A., and Mikeska, L. A., J. Biol. Chem., 88, 791 (1930). 

* Levene, P. A., and Tipson, R. 8., J. Biol. Chem., 106, 419 (1934). 
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ment with sodium iodide dissolved in acetone. It was found that 
the tosyloxy group in this case was much more stable than if 
attached at a primary hydroxyl but, presumably owing _ “to the 
presence of the CH: group in position (2), the tosyloxy group in 
position (3) was somewhat less stable than the same group at- 





Hs 
CH20H ons0.0C cet 


Thymidine 5-Trityl Thymidine 


CeHs02Na 


' 

? H.C. 0,S09-CoHy | 
' 
H. ¢ 


Ads 
pa c—C, 
20. on 


3-fTosyl 5-Trityl Thymidine 


tached at a secondary hydroxyl group in true sugars. In con- 
firmation, it was found that the secondary tosyloxy group in 
monotosy] 5-iodothymidine had about the same stability towards 
the above reagent as had the secondary tosyloxy group in mono- 
tosyl trityl thymidine. 
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Thus it is evident that in desory-ribose nucleic acid the positions 
of the phosphoric acid radicleS are carbon atoms (3) and (5) of 
the desoxy-ribose,‘ as in (I). This fact offers the hitherto missing 
explanation for the differences in behavior of the nucleic acids of 
the two types. The differences are the following. The ribose 
nucleic acid is less resistant towards the action of dilute alkali and 


HO | OH 
ire 
NAW s 
C5H,0,NZ dio- ‘7 ‘ 
thymine) ee 
‘\Ait oa on 
Cs5H4Ns 10 0-P- =0 
(adenine) ‘0%.---2-~ 
'\7a_ i 
C,H,ONS oe 
(ytosine) ” and 
eed H H 
NZ HN 
CsH,0N¢ 0H 
(guanine) 0 
Desoxy-ribose riucleic acid (CysHsOosNisPs) 


I 


furthermore, on hydrolysis with dilute mineral acids, yields pyrim- 
idine nucleotides having one phosphoric acid radicle only and that 
attached in position (3), whereas desoxy-ribose nucleic acid under 


‘It is more likely that the phosphoryl residue connecting the thymine- 
and adenine-desoxy-ribosides is situated at positions (5) of their sugar 
chains and that the union from the adenine- to the cytosine-desoxy-ribo- 
sides is through positions (3). 
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similar conditions yields pyrimidine nucleotides with two phos- 
phoric acid radicles, which must be in positions (3) and (5). 
Inasmuch as the phosphoric acid radicle in 5-phospho-ribose is 
naturally quite resistant towards the hydrolytic action of dilute 
mineral acids, it is justifiable to assume that the hydroxyl in 
position (5) of ribose nucleic acid is not substituted and hence it is 
warranted to assign to this acid structure (II), in which the 
phosphoryl] residues are attached at positions (2) and (3). This 
structure explains the behavior of this acid towards alkalies. 
Since substituents, even ether linkages, in position (2) are charac- 
terized by greater instability than in other positions, it is readily 
understood that nucleotides linked to one another through position 





0 0 
HO: H.C C4 H3Q2Ne HO-H,C C,H,ON; 
@ H HASH (uracil) @ H oH }Suanine) 
H H 
se he t —. % ‘. 
Lt i HO-P-on'! OH 
basin 1 = HO. eee 6 ae ' 0 
0 0 —— 0 0 
H H H H 
H HY@ H HY@ 
Cyl Ns H, OH CyHgONS H, 0H 
(adenine) 0 ¢ytosine) 
Ribose nucleic acid (CssHyO2sNisPs) 
II 


(2) of the sugar should dissociate with greater velocity, thus 
yielding nucleotides with the phosphoric acid radicle in the more 
stable position on carbon atom (3) of the ribose chain. 


EXPERIMENTAL 


The thymidine used in the following experiments had a melting 
point of 184° and the following specific rotation. 


+0.63° X 100 


2 x 1.020 = +30.6° (in water) 


lalp = 


It was soluble in cold absolute methyl alcohol, pyridine, glacial 
acetic acid, and water; fairly soluble in cold and soluble in hot 
absolute ethyl alcohol; very sparingly soluble in cold but fairly 
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soluble in hot acetone or ethyl acetate; insoluble in cold but very 
sparingly soluble in hot chloroform. It crystallizes from ethyl 
acetate in rosettes of needles. 

Preparation of Monotrityl Thymidine—A mixture of dry, finely 
powdered thymidine (0.5 gm.) with pure, dry triphenylmethy] 
chloride (0.6 gm.) was dissolved in 15 cc. of dry, redistilled pyri- 
dine. The solution was allowed to stand, with the exclusion of 
atmospheric moisture, during 7 days at room temperature. 

The solution, which was still clear and very pale yellow in color, 
was then poured into 100 cc. of ice water, with vigorous stirring. 
The pale yellow gum which was precipitated was twice washed 
with 100 cc. portions of ice water and allowed to stand under ice 
water during 3 days in the refrigerator. The gum had now 
changed to a hard, friable mass which was pulverized, filtered off, 
washed with water until free from pyridine, and air-dried. 

The finely powdered product was now shaken with dry ether 
and the ether extract decanted. Pentane was added to the ether 
extract until no more precipitate formed. The precipitate was 
united with the ether-insoluble portion, dissolved in acetone, and 
the acetone solution evaporated to dryness under diminished 
pressure, giving a pale yellow glass (weight, 0.9 gm.). A further 
portion (0.1 gm.) was recovered from the ether-pentane filtrate 
in the following way. The solution was evaporated to dryness, 
giving a colorless crystalline mass which was dissolved in 5 cc. of 
dry ether. To this solution, 100 cc. of pentane were cautiously 
added, with shaking, and the flocculent precipitate filtered off. 

The material was first obtained crystalline in the following 
manner. The glassy substance (1 gm.) was dissolved in 2.5 cc. 
of acetone and 100 cc. of dry ether were cautiously added to the 
solution, producing a small precipitate. The mixture was now 
evaporated under diminished pressure without a water bath. 
When the volume of the solution had been decreased to about 
10 cc., the trityl thymidine commenced crystallizing spon- 
taneously. 

It was recrystallized by dissolving in a little acetone and adding 
dry ether. On nucleating and stirring it set to a solid mass of 
colorless crystals having a melting point of 125°. It was in- 
soluble in cold or hot water; insoluble in cold but very sparingly 
soluble in hot pentane or heptane; sparingly soluble in cold but 
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slightly soluble in hot carbon tetrachloride; fairly soluble in cold 
but quite soluble in hot benzene; and quite soluble in cold dry 
ether, absolute ethyl alcohol, absolute methyl alcohol, acetone, 
chloroform, pyridine, ethyl acetate, and glacial acetic acid. It 
crystallized in rosettes of needles from hot benzene. It had the 
following composition. 


3.910 mg. substance: 10.295 mg. CO, and 2.120 mg. H,O 


5.590 “ ” : 0.281 ec. N, (762 mm. at 24°) 
C29H2s05N2. Calculated. Cc 71.87, H 5.8, N 5.79 
Found. ** 71.80, “‘ 6.0, ‘* 5.78 


It had the following specific rotation. 


+0.23° x 100 


= 4 (i t 
2 x 1.010 +11.4° (in acetone) 


lalp = 


Preparation of Monotosyl Trityl Thymidine—Dry, recrystal- 
lized trityl thymidine (0.4 gm.) was dissolved in 2.5 cc. of dry 
pyridine contained in a glass-stoppered 10 cc. Erlenmeyer flask, 
tosyl chloride (0.17 gm.) was added, and the mixture was shaken 
until the chloride had dissolved. After standing overnight at 
room temperature, with the exclusion of atmospheric moisture, 
the pale brown solution was cooled in ice and 2 drops of ice water 
were added. : 

The resulting solution was kept at room temperature during 30 
minutes and then poured into 100 ce. of ice water with stirring. 
The white powdery precipitate was filtered off, repeatedly washed 
with ice water until free from pyridine, and dried overnight in 
the vacuum desiccator over phosphorus pentoxide and soda-lime. 

It was soluble in cold absolute ethyl alcohol, absolute methyl 
alcohol, acetone, chloroform, carbon tetrachloride, benzene, 
pyridine, ethyl acetate, and glacial acetic acid; fairly soluble in 
cold or hot dry ether; insoluble in cold and very sparingly soluble 
in hot pentane or heptane; and insoluble in cold or hot water. 

It had the following composition. 


4.700 mg. substance: 11.670 mg. CO, and 2.185 mg. H,O 
7.100 “ = : 0.273 cc. Ne (776 mm. at 25°) 
13.200 ‘ ™ : 4.860 mg. BaSO, 
CxsHyO0;N.8. Calculated. C 67.67, H 5.4, N 4.39, 8 5.02 
Found. ** 67.70, “ 5.2, “ 4.50, “‘ 5.05, Cl 0.00 
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It had the following specific rotation. 


+0.60° X 100 
2 X 1.009 


lalp = = +29.7° (in acetone) 

Action of Sodium Iodide on Tosyl Trityl Thymidine—A mixture 
of 100 mg. of dry tosyl trityl thymidine with 100 mg. of dry so- 
dium iodide was dissolved in 2 ce. of acetone and the solution heated 
in a sealed tube at 100° during 2 hours. The solution became 
very light brown in color and a small amount of flaky crystalline 
material was deposited. The crystals were filtered off, dried, 
and weighed. Weight, 10 mg. (about 30 per cent of what should 
have been formed, had the reaction proceeded to completion). 

The acetone solution and washings were united and evaporated 
to dryness and the product isolated in the usual way,’ giving a 
white amorphous powder having the following analysis. 


3.926 mg. substance: 9.400 mg. CO, and 1.900 mg. H,O 
CssH3s07N.8. Calculated. C 67.67, H 5.4 
C2sH270,NI. ” ** 58.57, “* 4.6 

Found. * 65.29, ‘* 5.4, ash 0.00 


In a second experiment in which 180 mg. of tosyl trityl thy- 
midine were treated with sodium iodide in acetone at room tem- 
perature (18 hours), then at 100° (2 hours), and finally at room 
temperature (18 hours), the yield of sodium p-toluenesulfonate 
was 27 mg. (about 50 per cent of the theoretical). The product 
from the acetone solution had the following analysis. 


4.667 mg. substance: 11.125 mg. CO, and 2.330 mg. H,O 


4.997 “ “  : 1005 “ Agl 
CasH270,N2I. Calculated. C 58.57, H 4.6, I 21.36 
Found. * 64.99, “* 5.5, “ 11.84 


Action of Tosyl Chloride on Thymidine—Dry thymidine (0.5 gm.) 
was dissolved in dry pyridine (3 cc.) and tosyl chloride (0.9 gm., 
approximately 2.2 moles) was added. After standing overnight 
at room temperature with the exclusion of atmospheric moisture, 
0.1 ec. of water was added to the brown solution. The resulting 
solution was kept at room temperature during 30 minutes and the 
product isolated by pouring into 100 ce. of filtered ice water with 
stirring. The pale pink powdery precipitate was filtered off and 
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washed repeatedly with ice water until free from pyridine. It 
was then dissolved in acetone and evaporated to a hard glass 
(1.0 gm.) which could not be obtained crystalline as it consisted 
of a mixture of ditosyl thymidine with some monotosyl chloro- 
thymidine (about 25 per cent). 

Action of Sodium Iodide on Tosylated Thymidine—A mixture 
of 0.6 gm. of crude ditosyl thymidine (containing monotosyl 
chlorothymidine) with 0.6 gm. of dry sodium iodide was dissolved 
in 5 ec. of acetone and the solution heated in a sealed tube at 100° 
during 2 hours. The solution became brown in color and a large 
amount of crystalline material was deposited. The crystals were 
filtered off, dried, and weighed. Weight, 275.6mg. The crystals 
were dissolved in water and the solution, diluted to 25 cc., had 
the following analysis. 


10 cc. required 1.35 cc. 0.1 Nn AgNO; (Volhard); found Cl 4.34 


Hence the starting material contained about 25 per cent of 
monotosy! chlorouridine; and about 43 per cent of the secondary 
tosyloxy group was removed by sodium iodide in acetone. 

The reaction product was isolated in the usual manner, giving a 
yellow, glassy material which had the following analysis. 


7.190 mg. substance: 5.610 mg. AgI 
Ci7Hi906N21S. Calculated. I 25.08 
ai “oe 54.95 
Found. “4217 


C, oH)20;Nol2 . 




















STUDIES IN THE PHYSICAL CHEMISTRY OF THE 
PROTEINS 


XII. THE SOLUBILITY OF HUMAN HEMOGLOBIN IN 
CONCENTRATED SALT SOLUTIONS 


By ARDA ALDEN GREEN, EDWIN J. COHN, anp 
MURIEL H. BLANCHARD 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, March 14, 1935) 


The precipitation of proteins by neutral salts has commonly been 
employed not only in their separation and purification but in their 
characterization. Separation is effected because some proteins 
are almost completely precipitated in a concentrated salt solution, 
in which others are relatively soluble. In the range in which a 
protein is precipitable we have previously (2, 6) shown that 
solubility is defined by an equation of the form 


T 


°3 (1) 


logS=6@-K 
in which I is the sum of the concentrations of the ions multiplied 
by the square of their valence; that is, ['/2 is the ionic strength 
in moles per liter. The amphoteric properties of the protein 
are reflected by 8, whereas K; is characteristic only of the salt 
and the protein, and appears to be independent of pH and tem- 
perature. 

The physicochemical properties of the corresponding proteins 
of different species are not necessarily identical. It would there- 
fore be extremely misleading to assume that because a given 
protein had been exhaustively studied the results were applic- 
able to the analogous protein of another species. Some differ- 
ences between the properties of the serum proteins of different 
species have been noted (1, 9). The solubility relations of the 
hemoglobin of horse (6) and man are, however, so different that 
631 
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that of the human erythrocyte remains very soluble in a phosphate 
solution in which hérse hemoglobin is essentially insoluble (Fig. 1). 
Human hemoglobin behaves much more like an albumin than 
does horse hemoglobin. 

Preparation—The hemoglobin used in these experiments was 
prepared from normal adult blood. The citrated cells were sepa- 
rated from the plasma by centrifugation and the cells were then 
washed at least twice in hypertonic saline. 
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Fia. 1. Solubility of the carboxyhemoglobin of the horse and of man in 
phosphate buffers at 25°. Carboxyhemoglobin of horse 09; of man, Prepa- 
ration 1©, Preparation 2 @, Preparation 3 @. 


In Preparations 1 and 2, made in 1931, water was added to lake 
the cells. At this point the solution was saturated with carbon 
monoxide, converting the hemoglobin to carboxyhemoglobin. 
The hemoglobin did not readily crystallize at the isoelectric point 
in dilute salt solution, although this is the procedure we generally 
employ in the purification of horse hemoglobin (5). Human 
hemoglobin readily crystallized, however, from a concentrated 
potassium phosphate buffer, the final concentration of phosphate 
being 2.8 m, the mole fraction of K,HPO, 0.58, and the pH 6.8. 
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In Preparation 3, made in 1934, the cells were dialyzed in cello- 
phane tubes after being washed in saline. After dialyzing against 
running water overnight, the solution was removed from the 
tubes and centrifuged to remove cell debris. The supernatant 
liquid was again returned to the dialyzing tubes which were then 
placed in the same phosphate buffer as was used in the other 
preparations, crystallization taking place as the salt dialyzed into 
the cellophane tubes, in the manner employed by Theorell (12) for 
muscle hemoglobin. 

Solubility—Since solubility in concentrated salt solutions is a 
function not only of the concentration of the salt, but of pH and 
temperature, these studies, as those previously reported, have been 
carried out in phosphate buffers of known pH and ionic strength 
(3, 8). The crystalline carboxyhemoglobin was repeatedly tritu- 
rated with fresh aliquots of the solvent for periods of from 12 to 48 
hours at 25°. The saturated solutions were then filtered and 
analyzed for hemoglobin by nitrogen determination. Successive 
filtrates had essentially the same solubility for as long as a week. 
The results with the different preparations are in satisfactory 
agreement with each other, and in marked contrast with those of 
horse hemoglobin (6,7). The behavior of these two carboxyhemo- 
globins is graphically represented in Fig. 1. 

The maximum solubility of horse hemoglobin is 52 gm. per liter 
in a 0.33 m phosphate buffer at pH 6.6 and 25°. Human hemo- 
globin is as soluble as this in a 1.96 m phosphate buffer, but at this 
ionic strength the hemoglobin of the horse is only one-thousandth 
as soluble as that of man. 

The solubility of horse carboxyhemoglobin obeys Equation 1 at 
ionic strengths greater than 2.0, human carboxyhemoglobin 
beyond 5.0. Indeed the deviation from a linear relation is not 
significant even in the most soluble systems studied. The con- 
stants for the straight lines in Fig. 1 are, in terms of Equation 1, 


pH B K; 
Horse carboxyhemoglobin.............. 6.6 3.0 1.0 
Human a Dee ee. eee 6.8 10.4 2.0 


The hemoglobins of different species, previously shown to have 
different crystal forms (11), different ratios of amino acids and of 
iron to sulfur (4, 13), and different solubilities in water (10), thus 
also have very different solubilities in concentrated salt solutions. 
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SUMMARY 


1. Human carboxyhemoglobin has been crystallized and char- 
acterized by its solubility in concentrated phosphate buffers. 

2. Horse carboxyhemoglobin is precipitated at far lower ionic 
strengths than human carboxyhemoglobin, the latter behaving far 


more like an albumin. 
3. The value not only of 8 but of K; in the salting-out equation 


is far greater for human than for horse carboxyhemoglobin. 


BIBLIOGRAPHY 


1. Butler, A. M., and Montgomery, H., J. Biol. Chem., 99, 173 (1932-33). 

2. Cohn, E. J., Physiol. Rev., 6, 349 (1925). 

3. Cohn, E. J., J. Am. Chem. Soc., 49, 173 (1927). 

4. Cohn, E. J., Hendry, J. L., and Prentiss, A. M., J. Biol. Chem., 68, 721 
(1925). 

5. Ferry, R. M., and Green, A. A., J. Biol. Chem., 81, 175 (1929). 

6. Green, A. A., J. Biol. Chem., 98, 495 (1931). 

7. Green, A. A., J. Biol. Chem., 98, 517 (1931). 

8. Green, A. A., J. Am. Chem. Soc., 65, 2331 (1933). 

9. Howe, P. E., J. Biol. Chem., 49, 93 (1921). 

0. Landsteiner, K., and Heidelberger, M., J. Gen. Physiol., 6, 131 (1923). 

1. Reichert, E. T., and Brown, A. P., Carnegie Inst. Washington, Pub. 
No. 116 (1909). 

12. Theorell, H., Biochem. Z., 268, 46 (1934). 

13. Vickery, H. B., and White, A., Proc. Soc. Exp. Biol. and Med., 31, 6 


(1933). 











THE SURFACE INACTIVATION OF CATALASE 


By LOUIS A. ROSENBLUM 


(From the Department of Biological Chemisiry, Long Island College of 
Medicine, Brooklyn, New York) 


(Received for publication, March 20, 1935) 


Despite its importance and a vast amount of investigation con- 
cerning it, the exact mechanism of the réle that surfaces play in 
enzyme chemistry is still comparatively unknown. Practically, 
in the separation and purification of enzymes, much use has been 
made of the adsorbing powers of such surface-active substances 
as charcoal, kaolin, ferric hydroxide, silicic acid, ete. (1). Asa 
rule these adsorptive processes are more or less irreversible, and 
the adsorption curves were found by Kraut and Wenzel (2) to be 
diverse and anomalous. The use of such surface-active materials 
introduces a factor of chemical combination of the adsorbent with 
the enzyme. The adsorption is found to depend on the nature of 
the adsorbing material and the particular enzyme used (3). Con- 
sequently the study of adsorption as a physical process is not 
possible by the use of the above surface-active materials. 

The adsorption or inactivation of enzymes by such relatively 
inert substances as glass or quartz has been the study of several 
investigators among whom are Beard and Cramer (4) who showed 
that glass beads have an inhibiting influence upon the activity of 
lipase, diastase, and invertase, and that a part, but not all of ‘the 
activity, was regained when the beads were removed. They as- 
cribed this inactivation to the alteration in concentrations pro- 
duced by the change in surface energy at the glass surfaces. It is 
conceivable that if the enzyme is able to decrease the interfacial 
tension between the liquid-glass interface it would concentrate 
there and become inactivated by changing its state of dispersion 
(5). However, as glass is appreciably soluble in water and in- 
creases its alkalinity, Griffin and Nelson (6) demonstrated that 
glass beads cause a change in the reaction of an invertase extract 
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that is proportional to the number of glass beads used, and there- 
fore the inactivation is due to a change in the hydrogen ion con- 
centration, rather than to the surface effect of the beads; also 
that the beads produced no effect when the pH was kept constant 
by means of the buffers. 

The author’s attention was focused upon this problem during 
the course of some studies on the kinetics of the catalase-hydrogen 
peroxide reaction when it was observed that the presence of glass 
beads caused an inhibition of the reaction; this inhibition could be 
increased by adding more beads. It was also found that the 
catalase extract itself could be irreversibly inactivated by the 
addition of glass beads for a short time, the inactivation again 
being apparently proportional to the number of beads (7). Mi- 
chaelis and Pechstein (8) had done this but reported no effect due 
to the addition of glass beads. Recently, Zeile (9), in attempting 
to determine the diffusion coefficient of catalase by passage through 
filters, found that the catalase was inactivated after going through 
the filter and considered it due to the fact that the enzyme when in 
solution dissociated, and that one of the components was of such 
a molecular size as to be unable to pass through the membrane, 
while the part that passed through was inactive. Assuming ad- 
sorption of catalase upon surfaces, it would appear that the pores 
of the filter offered sufficient surface area to allow adsorption and 
inactivation of the enzyme as it passed through the filter. In 
the hope of clearing up some of the points involved, and if pos- 
sible, to obtain some quantitative data, it was decided to perform 
the experiments which are herein described. 


Procedure 


The enzyme extract was prepared by extracting a pound of 
ground fresh beef liver with a liter of chloreform water for 24 hours 
in the ice chest. The larger masses were removed by filtration 
through muslin; then by filtering twice through paper pulp a clear 
filtrate was obtained. This was added to an equal bulk of 95 per 
cent ethyl alcohol and the precipitated proteins were removed by 
centrifuging. The yellow, slightly opalescent filtrate represented 
the enzyme extract and when kept in the ice box appeared to retain 
its full strength almost indefinitely. 

The glass beads used were of the ordinary laboratory grade, 3 
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mm. in diameter. These were prepared by washing in aqua regia 
for 24 hours, followed by thorough rinsing in tap water, and then 
in distilled water, after which they were dried by heat. Merck’s 
superoxol was used for the hydrogen peroxide, small amounts of 
which were diluted to 0.25 m daily and titrated with standardized 
potassium permanganate before and after each day’s experiments 
to detect any change in concentration of the diluted peroxide. 
Each 100 cc. of the hydrogen peroxide contained 15 ce. of Clark 
and Lubs’ phosphate-sodium hydroxide buffer of pH 7.0 (10). 

Titration of hydrogen peroxide with potassium permanganate 
in the presence of traces of organic matter from the added enzyme 
was found to be quite inaccurate, it being difficult to obtain good 
end-points. In our search for a volumetric method that would be 
unaffected by organic matter, titanous chloride (TiCl;) (11) was 
decided upon as previous experiences had proved it to be entirely 
unaffected by the presence of organic matter. The solution was 
kept under an atmosphere of hydrogen and delivered by means 
of an automatic burette. The titrations must be made as rapidly 
as possible. Standardization of the titanous chloride was by 
means of a hydrogen peroxide solution. 

The catalase extract was inactivated by pipetting 15 cc. of the 
extract into large 50 cc. Pyrex test-tubes, each of which contained 
a quantity of the dried glass beads. Various weights, 1 to 100 gm., 
of the glass beads were used to furnish different amounts of surface 
area, assuming that if the beads were uniform in weight their 
combined areas could be represented by their total weight. The 
enzyme was allowed to remain in contact with the beads for 15 
minutes at room temperature (24°+2°). Spontaneous temperature 
inactivation below 50° is insignificant (12). The pH of the enzyme 
(colorimetrically) before addition to the beads was 6.2 and this 
changed to 7.3 after the enzyme was in contact with the beads 
for 15 minutes. Evidently, enough of the glass dissolved to change 
the reaction of the enzyme extract which was used unbuffered so 
as not to introduce any salt effects. In contrast to Griffin and 
Nelson’s (6) findings with invertase, the shift of the pH of the 
solution to 7.3 is in the direction of greater stability (12). Hence, 
we may disregard the change in pH as a factor in the inactivation, 
especially as there was very little variation with the amount of 


beads. 
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The amount of enzyme adsorbed was determined by pipetting 
1.2 cc. of the catalase extract from the beads after the 15 minutes 
were over and adding this to 15 cc. of the 0.25 m buffered hydrogen 
peroxide and allowing the reaction to go to completion, which at 
24° took about 1 hour. The amount of enzyme used was pre- 
viously determined as the amount of enzyme that would decom- 
pose 15 cc. of 0.25 m peroxide to the extent of 80 per cent (13). 
Controls of the enzyme and of the hydrogen peroxide were run 
concurrently with the experiments. When the reaction was 
completed, 10 cc. of concentrated HCl were added and the hydro- 
gen peroxide remaining was titrated with the titanous chloride. 

As the amount of hydrogen peroxide decomposed is directly 
proportional to the concentration of active catalase added (14, 15), 
the increase in the quantity of hydrogen peroxide remaining unde- 
composed is directly proportional to the amount of enzyme 
adsorbed and represents the degree of inactivation of the catalase 
solution upon the beads. In Fig. 1, the relative areas of the glass 
beads are plotted against the percentage inactivation of the cata- 
lase. The average of all the results may be expressed by the curve 
as it is drawn. There appeared to be some suggestion of a loga- 
rithmic relationship and so Fig. 2,in which the percentage inactiva- 
tion of the enzyme is plotted against the logarithm of the relative 
areas, was constructed. A direct relationship apparently holds 
for a portion of the graph, but there is a definite deviation in the 
region of the smaller areas, which may possibly be due to the rela- 
tively larger error in the surface area. There are many sources 
of error in a study of this type and until more precise measure- 
ments of surface area and enzyme activity can be obtained, to- 
gether with a better control of experimental conditions, it is diffi- 
cult to draw any more exact conclusions from the results. 


Adsorption of Catalase on Quartz 


It had been planned to repeat the experiments with fused quartz 
beads instead of glass ones, but as only a small quantity of the 
former were obtainable, the following experiment was performed. 

5 gm. of transparent fused quartz beads were treated as were 
the glass beads and after being dried were placed in 10 cc. of cata- 
lase extract for 15 minutes at 24°. The pH of the enzyme solution 
was not changed by the quartz beads and remained at 6.2. The 
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enzyme was drained off and the beads were thoroughly washed 
with distilled water and alcohol and allowed to dry spontaneously. 
When dry, these beads were dropped into 10 cc. of 0.25 m hydrogen 
peroxide, whereupon an active decomposition of the hydrogen 
peroxide took place upon the surface of each quartz bead, from 
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Fic. 1. Relation between the relative surface areas and the percentage 
inactivation of catalase. 


which the bubbles of oxygen were seen to rise. A control quantity 
of quartz.beads, similarly treated in all respects with the exception 
of the catalase, did not produce any decomposition whatsoever. 
As a phenomenon of adsorption this appears to be paradoxical, yet 
Abramson (16) has shown experimentally that practically all the 
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polar groups of a protein molecule may be available even after 
adsorption has occurred; 7.e., a protein may maintain full activity 
despite adsorption. He offers this as an explanation of the phe- 
nomenon observed by Beard and Cramer (4) and Griffin and Nel- 
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Fic. 2. Relation between the logarithm of the relative areas and the 
percentage inactivation of catalase. 


son (6), that it is easily conceivable that enzymes that are protein- 
like in nature could be adsorbed on an inert or living surface and 
nevertheless suffer no diminution in their enzymatically active 
groups. It then also holds for the adsorption of catalase upon 
quartz, in which case the catalase molecule when in solution 








ter 
‘ity 
he- 
vel- 


e 


- - OO he 











L. A. Rosenblum 641 
apparently acts as a whole and does not dissociate, or if it does, 
then its component parts or ions must have the same adsorption 
affinity for quartz, and when concentration at the solution-quartz 
interface occurs, then association takes place. 


SUMMARY 


1. A catalase solution is inactivated in the presence of glass 
beads. The catalase probably is adsorbed upon the glass surfaces. 
Although the glass is soluble and changes the hydrogen ion con- 
centration of the enzyme solution, the inactivation of the solution 
is thought due to the concentration of the catalase at the solution- 
glass interface with a resultant adsorption upon the glass surface 
(9). The inactivation appears to be related to the logarithm of 
the surface area. 

2. Catalase is adsorbed out of solution upon quartz surfaces 
without loss of the enzymatic properties of the adsorbed catalase. 
The quartz is not soluble enough to produce any changes in the 
hydrogen ion concentration of the enzyme solution. 


The writer herewith desires to express his appreciation to Pro- 
fessor Matthew Steel of the Department of Biological Chemistry 
of the Long Island College of Medicine and to Dr. Jacinto Stein- 
hardt of the Laboratory of Biophysics of Columbia University. 
Their interest in the problem and their suggestions proved most 
valuable. 
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It is the general belief that the hydrogen ion activity of the cell 
sap is increased by the accumulation of carbon dioxide. For 
example, Willaman and Beaumont (5) observed that when carbon 
dioxide was allowed to accumulate in an atmosphere in which 
twigs, tubers, or grain was stored, the rate of carbon dioxide 
production by these tissues decreased in a logarithmic ratio. In 
the case of the twigs, the amount of carbon dioxide produced was 
proportional to the logarithm of time. The rate of production of 
carbon dioxide immediately assumed a far higher value when the 
accumulated carbon dioxide was removed. In seeking an explana- 
tion, these investigators ((5) p. 52) state: “Another possible 
explanation was suggested by Dr. R. A. Gortner. It is that the 
accumulation of CO, in the tissues increases the hydrogen-ion 
concentration in the latter; that this brings the proteins of the 
protoplasm nearer to their isoelectric point, and hence increases 
its permeability, which is responsible (perhaps through increased 
enzyme activity) for an actual increased rate of CO, production.” 
A further quotation from Willaman and Beaumont ((5) p. 53), 
“That the acidity of the tissue fluids is increased by the accumu- 
lation of CO, is well known, and does not need a specific illustra- 
tion,” shows how generally this belief is held. 

This idea is apparently supported by the fact that carbon dioxide 
increases the hydrogen ion activity of the expressed plant juice. 
The fact that the hydrogen ion activity of the cell sap within the 
living plant is not increased when the plants are exposed to high 
concentrations of carbon dioxide will be shown in this paper and 
an explanation of the reactions involved will be suggested. 
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Magness and Diehl (1) observed that in some cases the acidity 
of fruit was decreased on treatment with carbon dioxide. They 
also observed that the titratable acidity of the winesap apple, 
expressed as cc. of 0.1 N acid per 10 gm. net weight of tissue, 
decreased from 6.55 to 6.14 with a treatment of 100 per cent car- 
bon dioxide. 

Thornton (4) reported that the treatment of various types of 
plant tissues with carbon dioxide resulted in a decrease in the 
hydrogen ion concentration of the juice extracted from those 
tissues. 

The studies on the effect of carbon dioxide reported in this 
paper were conducted in 1931 and 1932 in connection with investi- 
gations on the chemical nature of resistance in sugar-beets to the 
curly top disease. In these investigations pH measurements of 
the juice of various strains of sugar-beets and other plants affected 
by the disease were made. The first pH determinations were 
made with the quinhydrone electrode. Juice from the leaves of 
the various strains of sugar-beets (mass selections), and from 
individual plants of the same strains, varied in pH from 6.07 to 
6.88. With the same electrode, leaf juice from Chenopodium 
murale (extremely resistant to curly top) consistently gave pH 
values varying from 7.3 to 8.0' immediately after extraction. In 
view of this apparent difference in pH and the greater disease 
resistance of the Chenopodium murale, it seemed probable that if 
the pH value of this plant could be temporarily reduced it might 
be rendered susceptible to the disease. 

In view of the acid nature of carbon dioxide gas, an attempt was 
made to reduce the pH of Chenopodium murale by subjecting the 
entire plant to an atmosphere rich in this gas. When the plant 
was removed from the gas chamber and the juice expressed imme- 
diately, it was observed that the pH had not decreased as was 


1 Further pH determinations made at a later date revealed that these 
values, although constant, were high and misleading. If the juice ex- 
tracted from Chenopodium murale were allowed to stand in the refrigerator 
for 3 days before pH determinations were made, true values were obtained. 
It is quite probable that certain soluble proteins are responsible for the 
abnormal results. It was observed that during storage a precipitate 
formed. True pH values were obtained (when precipitation was complete) 
even in the presence of the precipitate. Storage of the beet juice in the 
refrigerator had no effect on the pH value. 
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expected, but had greatly increased. This experiment was re- 
peated several times with the same result. Further investigations 
revealed that sugar-beet plants responded in the same manner, 
the pH being increased as much as 2 units in some cases. 

This unexpected decrease in the hydrogen ion concentration of 
the juice of these plants, when exposed to a high concentration of 
carbon dioxide, encouraged more detailed investigations into the 
nature of the chemical reactions involved because of a possible 
bearing on resistance to curly top. 


Methods 


The plants receiving the carbon dioxide treatment were placed 
under bell jars and definite amounts of carbon dioxide were applied 
for different lengths of time at room temperature. The experi- 
ments were carried out both in the dark and in the light. Juice 
was extracted from the controls and from the carbon dioxide- 
treated plants with the aid of a hydraulic press immediately upon 
their removal from the bell jars. 

The pH measurements were made with the glass electrode, the 
hydrogen electrode, and the quinhydrone electrode. The glass 
electrode used was similar to that described by Robertson (3). 


Results 


In the first experiments, the entire plants were subjected to an 
atmosphere containing 50 per cent carbon dioxide for 24 hours. 
The plants were then removed and the juice expressed imme- 
diately. Table I shows the effect of a high concentration of 
carbon dioxide on the pH of the plant. These data are typical of 
more than 100 experiments which were conducted over a period of 
2 years. In every case where the concentration of carbon dioxide 
was 10 per cent or greater, the pH of the juice, extracted from the 
plants immediately after treatment, was found to be higher than 
that of the juice from the untreated plants. In some of these 
experiments, the hydrogen ion activity of the juice of beet leaves 
was decreased as much as 100-fold by treating the plant with a 
high concefttration of carbon dioxide. The results were of the 
same order whether the carbon dioxide exposure was made in the 
light or in the dark. When the entire plant was treated, juice 
extracted from the leaves, petioles, and roots showed an increase 
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in pH, as shown in Table I which gives the results of representative 
tests. 

The pH of juice extracted from carbon dioxide-treated plants 
does not change on standing, yet it responds to carbon dioxide 
treatment in the normal way. It was found, for example, that 
when the expressed juice from carbon dioxide-treated beet leaves 
having pH of 7.45 was saturated with carbon dioxide, the pH 
decreased to 5.93. When the dissolved carbon dioxide was 
removed, the pH returned to its original value of 7.45. Juice 
expressed from normal beet leaves responded in a similar manner, 
going from pH 6.55 to 5.75 when saturated with carbon dioxide, 
and returning to its original pH of 6.55 when the gas was removed. 


TasBie I 


pH of Juice Expressed from CO.-Treated and Normal Plants, As Determined 
by Quinhydrone Electrode 














PH of expressed juice 
Plant 
Normal CO:-treated 
Chenopodium murale Leaves 7.35* 8.11 
Sugar-beet Blades 6.26 7.36 
Petioles 5.80 7.05 
Roots 6.11 6.57 








* See foot-note 1. 


Neither macerated nor plasmolyzed tissues responded to carbon di- 
oxide treatment as did the living plant; 7.e., by an increase in pH. 

The fact that high concentrations of carbon dioxide will effect 
an appreciable change in the pH of other plants was demonstrated 
with several species of plants susceptible to curly top. In these 
tests the pH determinations were made with the glass, the hydro- 
gen, and the quinhydrone electrodes, as shown in Table II. 

All plants that have been tested thus far have responded in the 
same manner to carbon dioxide treatment. The degree to which 
the pH increases on carbon dioxide treatment varies widely and 
appears to be independent of the pH of the normal tissue. The 
chemical reaction responsible for this increase in pH is very 
effective in view of the buffering of the normal cell sap. To 
illustrate, the pH of Oxalis martiana was found to be 2.17 nor- 
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mally. This value was increased to 2.74 by treating the plant 
with carbon dioxide, despite the high buffer index (0.070) of the 
juice. 

The pH values obtained with the glass electrode are probably 
more reliable than those with the quinhydrone or hydrogen 
electrodes, because the glass electrode is unaffected by oxidizing 
agents, catalysts, or poisons. From Table II it is evident that 
the quinhydrone electrode is suitable for pH measurements on the 

















TaBe II 
pH of Expressed Juice of CO,-Treated and Normal Planis 
Electrode 

Plant Glass Hydrogen Quinhydrone 
Normal =. Normal BF Normal >, 

Asparagus officinalis..............| 6.09 | 6.51 
Atriplex bracteosa................ 6.17 | 6.43 | 6.14 | 6.72 | 6.47 | 6.80 
Beta vulgaris......................| 5.95 | 6.87 | 6.07 | 7.20 | 6.08 | 6.91 
Chenopodium murale..............| 6.39*| 6.65 | 6.45*| 6.89 | 6.36*| 6.71 
Erodium cicutarium.............. 5.58 | 5.75 | 5.35 | 5.91 | 5.54 | 6.03 
Lycopersicon esculentum.......... 5.12 | 5.34 
I IID oan. c0e sss <assnene 5.20 | 5.46 | 5.12 | 5.36 | 5.23 | 5.46 
Nicotiana tabacum................| 5.25 | 5.52 | 5.22 | 5.45 | 5.36 | 5.66 
Oxalis martiana...................] 2.24 | 2.63 | 1.98 | 2.46 | 2.17 | 2.74 
Solanum nigrum..................| 5.60 | 6.10 | 5.59 | 6.13 | 5.36 | 6.05 
Stellaria media................... 6.10 | 6.77 | 6.09 | 7.32 | 6.09 | 6.84 























* It is of interest to point out the close agreement in pH of Chenopodium 
murale as determined by the different electrodes. In this instance the 
juice was extracted and allowed to remain in the refrigerator for 3 days 
before the pH determinations were made with the quinhydrone electrode. 


juice of the beet leaf and of other plants. In view of this fact, 
the subsequent measurements of the changes in pH on the juice 
of the beet leaf were made with the quinhydrone electrode. 

Such striking changes in the hydrogen ion concentration of the 
plant juice, due to carbon dioxide treatment, must be the result 
of certain chemical reactions catalyzed by the plant. It appears 
logical that, if carbon dioxide or the increase in hydrogen ion 
concentration in the cell sap due to the dissolved carbon dioxide 
is the catalyst for these reactions, the rate of response of the plant 
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and the extent to which the reaction takes place will depend on 
the concentration of carbon dioxide dissolved in the cell sap and 
the duration of treatment. 

In view of the fact that the diffusion of carbon dioxide into the 
leaves takes place through the intercellular spaces, the rate of 
diffusion of the gas and the amount dissolving in the cell sap 
depend on the partial pressure of carbon dioxide applied. A 
determination of the speed with which the hydrogen ion activity 
is altered in the plant (presumably counteracting the acidic effect 
of the carbonic acid formed in the cell sap) is of considerable 
importance in that it may throw light on the rate at which certain 
reactions proceed in plants. 

In order to determine the rate at which beet plants will respond 
to carbon dioxide treatment, a large number of beet leaves were 
collected and divided into six lots, one of which was the control. 
The leaves were placed under bell jars and subjected to an atmos- 
phere containing 40 per cent, carbon dioxide. At the end of each 
of the following periods—30, 60, 90, 120, and 180 minutes—one 
lot of leaves was removed, the midribs and petioles discarded, the 
juice extracted immediately, and the pH determined. 

Then, to determine the rate at which the beet plant will return 
to normal after carbon dioxide treatment, a large sample of beet 
leaves was placed under a large bell jar and exposed to an atmos- 
phere containing 40 per cent carbon dioxide for 1 hour, after which 
it was removed. A small number of leaves were extracted imme- 
diately, while the remainder was allowed to stand in the laboratory. 
At 15, 30, 60, 90, and 180 minute intervals after their removal 
from the bell jar, the juice was extracted from a small number of 
leaves and the pH determined. 

Curve A of Fig. 1 shows the rate at which the beet plant re- 

sponded to carbon dioxide treatment, while Curve B shows the 
rate at which the pH of the plant returned to normal when the 
carbon dioxide treatment was discontinued. It is evident that 
the beet leaf catalyzes the reaction responsible for the pH change 
at a very rapid rate in either direction. 
- In view of the fact that only the partial pressure of carbon 
dioxide inside the cells would be effective in causing the plant to 
react in such a striking manner, a study of the effect of different 
concentrations of carbon dioxide on the reaction of the plant was 
made to determine how far the reactions would proceed. 
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A large number of beet leaves were collected and divided into 
seven lots, one of which served as the control. Each of the 
remaining lots of leaves was subjected to a definite concentration 
of carbon dioxide for 30 minutes. The samples of leaves were 
then removed from the bell jars, the juice extracted immediately, 
and the pH determined. The experiment was repeated, except 
that in this case each lot of leaves was allowed to remain in its 
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Fig. 1. The rate at which sugar-beet plants respond to and recover 
from carbon dioxide treatment. Curve A, the rate of response to carbon 
dioxide treatment; Curve B, the rate at which carbon dioxide-treated 
plants returned to normal. 


respective concentration of carbon dioxide for a period of 1 hour. 
The results of these experiments are shown in Fig. 2. 

It is apparent that the partial pressure of carbon dioxide is not 
the limiting factor in determining the extent to which the pH will 
change, for 20 per cent is almost as effective as 40 or 60 per cent 
in producing a change. At 80 per cent carbon dioxide (Fig. 2) 
the reaction is greatly intensified in both the 30 and 60 minute 
periods of treatment. This is very striking, especially when 
compared to the change in pH which occurs in 100 per cent carbon 
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dioxide. It is important to note that at 100 per cent carbon 
dioxide an increase in pH of the extracted juice was obtained only 
when the plants were exposed to the gas for a short period (approx- 
imately 1 hour). With an exposure of 4 or 5 hours the pH of the 
extracted juice was found to be considerably decreased below 
that of untreated controls. 

The evidence tends to show that the changes which take place 
in the beet leaf during treatment with high concentrations of 
carbon dioxide are not due to translocation. Leaves or petioles 
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Fig. 2. The pH change in relation to the concentration of carbon dioxide 
applied to the beet plant. 


which are removed from the remainder of the plant respond as 
readily and to the same degree to carbon dioxide treatment as 
leaves and petioles attached to the plant. The reactions, then, 
are local in character. However, this reaction is catalyzed by all 
parts of the plant. It is also evident that the reaction is not 
dependent on radiant energy, because the change takes place as 
readily in the dark as in the light. 

In casting about for an explanation of this phenomenon and the 
possible reactions involved in the process, certain nutrition experi- 
ments in which beet plants received different amounts of nitrogen 
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furnished one clue to the type of compounds involved. It was 
observed that leaves taken from a series in which the plants 
received an abundance of nitrogen responded to a greater degree 
(as measured by the increase in pH on carbon dioxide treatment) 
than leaves removed from plants which were nitrogen-starved. 

In view of these facts, it was suspected that perhaps the nitrog- 
enous compounds in the plant were involved in the reactions 
which cause a decrease in the hydrogen ion activity of the plant. 
Experiments were carried out to determine what réle the nitrog- 
enous compounds play in these reactions. 

A large number of beet leaves were collected, part of which was 
treated with carbon dioxide for a definite period, the remainder 
serving as a control. After the carbon dioxide treatment, the 
petioles and midribs were removed from the sample of leaves, and 
the juice was extracted from the blades. The juice was also 
extracted from the blades of the control leaves. The remainder 
of the carbon dioxide-treated leaves was left in the open for 1 hour, 
after which the juice was extracted from the blades. The pH was 
determined on the three lots of juice. Each lot was also analyzed 
for total soluble, ammonia, and amide nitrogen as outlined by 
Nightingale, Robbins, and Schermerhorn (2). The changes in 
pH, ammonia, and amide fractions resulting from the carbon 
dioxide treatment are shown in Table III. 

No significant change in the water-soluble nitrogen (that fraction 
which is not coagulated by acid or heat) was found to occur in the 
plants during treatment. During the exposure to high concen- 
trations of carbon dioxide, ammonia was split off from certain 
compounds in sufficient quantities to account in full for the increase 
in pH. It is evident from the data that ammonia is formed 
partly at the expense of the acid amides in all experiments. In 
Experiment 1 of Table III, the change in pH due to the treat- 
ment was from 6.00 to 7.20. The ammonia nitrogen increased 
from 3.52 to 11.00 per cent, or a net increase of 7.48 per cent. At 
the same time the amide nitrogen decreased from 16.43 to 8.50 
per cent, a net decrease of 7.93 per cent. In other words, the 
decrease in amide nitrogen accounts in full for the ammonia formed 
in Experiment 1. Calculations show that the amount of ammonia 
formed will account in full for the decrease in the hydrogen ion 
activity observed. The data show that acid amides are hydro- 
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lyzed with the liberation of ammonia. The following equation 
suggests the reaction probably involved: 2R-CONH; + 3H,0 
yields R-COONH, + R-COOH + NH,OH. From the other two 
experiments, however, it is evident that ammonia is being split 
off from compounds other than acid amides. In Experiment 3, 
where the carbon dioxide concentration was 80 per cent, only 10 
per cent of the ammonia came from the acid amides. This shows 
that the type of compounds furnishing the ammonia depends on 


Taste III 


Changes in pH, Ammonia, and Amide Nitrogen of Sugar-Beet Leaves Due to 
CO, Treatment 









































le a 
Experi- Treatment oon ‘ain | Loss | 
ment | Blades from plants P pH | (dre bas) NE a 7 
CO: | Time NH; |Amide a 
cent min. pat an Ea cent = 

1 Untreated 6.00) 3.52/16.43 
Treated 20 | 90 | 7.20/11.00) 8.50) 7.48) 7.93) 100 

2 Untreated 6.34) 2.02) 5.82 
Treated 40 | 60 | 7.27) 7.00) 3.63) 4.98) 2.20) 44 

= recovered* | 40 | 60 | 6.62) 3.75) 4.48 

3 Untreated 6.61) 2.59) 1.56 
Treated 80 | 90 | 7.06) 8.22) 0.98) 5.63) 0.58) 10 

“ recovered* | 80 | 90 | 6.43) 3.69) 1.42 











* These plants were allowed to remain in the laboratory only 1 hour be- 
fore being extracted. According to results shown in Fig. 1, it requires a 
longer period for the plants to return to normal. It is quite probable 
that the ammonia and amide nitrogen would have returned to normal if a 
longer recovery period had been allowed. 


the concentration of carbon dioxide to which the plants are sub- 
jected. When the plants were allowed to recover from the carbon 
dioxide treatment, the ammonium salts were reconverted to the 
acid amides and other compounds which were affected by the 
treatment with a production of hydrogen ions. Previous experi- 
ments indicated that if the carbon dioxide had been allowed to 
stand longer before the juice was expressed, the pH, and amide 
and ammonia nitrogen would have returned to normal. 
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DISCUSSION 


Certain plants, particularly sugar-beet, when subjected to a high 
concentration of carbon dioxide, catalyze certain reactions at a 
very rapid rate, which counteract an increase in the hydrogen ion 
activity of the cell sap. One of the catalytic reactions which 
apparently takes place in the beet plant, and which neutralizes the 
hydrogen ions formed, is as follows: R-CONH, + 2H,0 yields 
R-COOH + NH,*+ + OH-. The concentration of hydroxyl ions 
produced will depend on how far the reaction proceeds and the 
strength of the organic acids liberated. A survey of the disso- 
ciation constants of the different organic acids revealed that the 
amides of the amino acids must furnish a large portion of the 
ammonia to account for the increase in pH by the above reaction. 
It is evident from Table III, however, that ammonia is split off 
from other soluble compounds which may not be acidic in nature, 
such as free amino groups of soluble proteins. 

This would account for the maximum increase in pH observed 
(Fig. 2) when the plant is subjected to 80 per cent carbon dioxide. 
When the plaut is subjected to 100 per cent carbon dioxide, two 
of the reactions occurring in the leaf tend to counteract each other. 
In the first reaction, the plant produces hydroxyl ions which 
neutralize the carbonic acid in the cell sap. Where the oxygen 
tension is extremely low, comparatively strong organic acids form 
an important part of the end-products of respiration. These acids 
formed in respiration would neutralize the hydroxyl ions formed 
in the first reaction. Consequently, the pH of plants treated with 
100 per cent carbon dioxide would depend on the length of time 
the plants were exposed to the gas. If the exposure is relatively 
short (the plants removed before the free oxygen is completely 
exhausted), the pH of the extracted juice would be greater than 
that of untreated plants. If, however, the plants are exposed 
to the pure gas for a long period, the organic acids formed in 
respiration would mask the former reaction and cause the hydro- 
gen ion concentration of the cell sap to become higher than normal. 

When carbon dioxide-treated beet plants or leaves are allowed 
to recover, the amide nitrogen increases to its original value 
apparently at the expense of the ammonia nitrogen with the 
formation of hydrogen ions. The reaction may be shown as 
follows: R-COOH + NH,* yields R-CONH, + H,O + Ht. 
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It is well known that the juice from the leaves of such plants 
as the sugar-beet, tomato, Chenopodium murale, and others, is very 
poorly buffered at their normal pH. Despite the extremely low 
buffer index of the juice of the beet leaf (0.0048 between pH 6 and 
7), the plant is able to maintain its normal pH when subjected to 
extremely adverse conditions. It seems logical to suppose that 
the plant complex is so arranged that the normal pH could be 
maintained by means other than the buffer capacity of the cell 
sap. The above reactions apparently accomplish this purpose in 
the beet plant, for the reaction proceeds in the beet plant in either 
direction at a very rapid rate, producing hydrogen or hydroxyl 
ions according to the conditions imposed. 

It is possible that further studies on the reactions catalyzed by 
the beet plant when under the influence of high concentrations of 
carbon dioxide might shed light on the reactions involved in the 
formation of amides, amino acids, and proteins in plants. 


SUMMARY 


Analyses of juice expressed from sugar-beet plants immediately 
after treatment with high concentrations of carbon dioxide show 
that striking chemical changes have taken place in the cell sap of 
the tissues. 

Certain reactions which are catalyzed by the beet plants, exposed 
to high concentrations of carbon dioxide, prevent enormous 
increases in the hydrogen ion concentration of the cell sap. When 
the juice is expressed from the beet plant immediately after treat- 
ment with carbon dioxide, a determination of the increase in pH 
over that of normal juice indicates to what extent these reactions 
took place. 

When the beet plants are exposed to a high concentration of 
carbon dioxide, ammonia is split off from acid amides presumably 
according to the reaction, 2R-CONH,; + 3H,0 yields R-COONH, 
+ R-COOH + NH,* + OH-. 

The increase in ammonia nitrogen found in the juice accounts in 
full for the observed increase in pH. When high concentrations 
of carbon dioxide were applied to the plant, ammonia nitrogen was 
found to have been split off from soluble nitrogenous compounds 
other than the acid amides. 

Beet plants respond rapidly to carbon dioxide treatment. A 
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significant increase in pH of the extracted juice was obtained after 
5 minutes exposure to the gas, and a maximum pH was reached in 
approximately 1 hour. Recovery from carbon dioxide treatment 
(a return to initial pH) was found to be almost as rapid. The 
beet plants recovered in about 2 hours after removal of the plants 
from the gas chamber. 

The juice expressed from carbon dioxide-treated beet plants is 
stable with respect to pH. The catalytic agents which accelerate 
the reaction or reverse the process are active only in the organized 
plant. This increase in pH as a response to carbon dioxide expo- 
sures appears to be a general type of response, for ten other species 
of plants were found to respond in a similar manner. 
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There is a growing conviction among investigators that fluorides 
inhibit carbohydrate metabolism. Indeed there are ample experi- 
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mental data to support this conviction. Lipman (6), Loebel (7), 
Seller and Janey (9), Embden and Lehnartz (4), and others have 
shown that fluorides inhibit lactic acid formation. Dickens and 
Simer (2) found that fluoride inhibits glycolysis in tissues. Since 
NaF showed little effect upon the formation of lactic acid from 
methylglyoxal, they took this observation as prima facie evidence 
that the point of attack of the fluoride was somewhere in the 
catabolism of the hexose to the triose stage. More recently the 
researches of Embden, Deuticke, and Kraft (3), and Myerhoff 
and McEachern (8) have shown conclusively that pyruvic acid 
arises from phosphoglyceric acid and that pyruvic acid is a normal 
glycolytic intermediate on the path to lactic acid. Thus fluorides 
decreased lactic acid formation by specifically inhibiting the con- 
version of phosphoglyceric ‘acid to pyruvic acid. The major 
evidence indicates clearly that fluorides interfere with glycolysis. 

Since fluorides inhibit carbohydrate metabolism—specifically, 
the formation of lactic acid—perhaps a shift in the balance of 
metabolites in the body might in some degree alleviate the toxicity 
of fluorine. Normally carbohydrates in the diet are considered 
to be the principle source of energy metabolites. If the mecha- 
nism involved in the utilization of these metabolites could be 
minimized by keeping the carbohydrate portion of the diet ab- 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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normally low, and if an excess of metabolites from dietary fat be 
given, would it be possible to minimize fluorine toxicosis? Fur- 
ther, would the inclusion of lactates, lactic acid, or glycerol in 
part at least correct the inhibitory effect of NaF upon lactic 
acid formation? In order to seek an answer to these questions, a 
study was made to find the influence of certain organic dietary 
constituents upon the development of chronic fluorine toxicosis 
in the rat. 


EXPERIMENTAL 


An adequate ration planned to carry very little carbohydrate 
was used. Three 3-carbon chain compounds at 9 per cent levels 
were added to the ration in some lots to determine their influence 
upon the effect of fluorine. The ration (No. 34) used in this 
experiment was made up as indicated. 


Ration 34 
EIS ons cn Su ewavvieaWeleVaceasiseh (iveie 40 parts 
Cie Date D Se pede. din gu ln hae ake pilleduteies S. * 
a a i a a a tie 
Re es ea is weak anuelee sun meihbdetds soak nes 7 
ee te ea era c renal caked eens _ ™ 
IN Cav dis cease Onccee eben tba cee ae veer ce iec ;.*™ 
SERN Oy sire UE Meeabedouee Uauesclcendseebacd 


The performance of rats on this ration was checked against the 
performance of rats fed basal Ration A previously described (5). 
Ration A was a natural grain ration which had proved satis- 
factory for the study of chronic fluorine poisoning in rats for five 
generations. 

The salt mixture used herein was compounded to conform to 
the principle mineral constituents of milk based upon Babcock 
and Russell’s analyses (1). The salt mixture was composed of: 


gm gm 
NaCl Pooue OOOe6 es E000 05 008 335 Fe (CsH;:07)2 ° 6H,O cence 55 
K:HPO,-3H,0............ ee MR darthakescese\eesscetes 1.6 
Ca:H: (PO,)2-4H,0 Seosecee 190 MnS0O,-4H;,0 é web ee deedews 0. 
MgS0O,-7H.O vVroert TTT 204 ZnCl, odie 6650s Cae ee ce eens 0.5 
CaCO; Wrevrrrrrirrrrrr 600 CuSO, ° 5H,0 WrrrreT, tor 0.6 
DS cktiecuetiaas a bikiusneuie cons ban sbenieesxannbeus 2232.4 


The Ca:P ratio of this salt mixture was approximately 1.9:1.0. 
When 40 per cent of the ration was made up of casein, the ratio 
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was shifted to 1.04:0.92. When this salt mixture was fed at 5 
per cent of the ration, a daily feed intake of 10 gm. approximated 
the mineral intake in 50 cc. of whole milk mineralized with Fe, 
Cu, Mn, and Zn according to the practice of our laboratory. 
Vigorous young growing rats weighing from 60 to 90 gm. were 

































































divided into eight lots with seven animals per lot. Each lot was 
TABLE I 
Feeding Plan for Various Lots of Rais 
Lot No. Ration 
I Basal Ration A (natural grain ration) 
II «+ 0.2% NaF 
III ” ‘« 34 (high fat ration) 
IV % «34 + 0.2% NaF 
V Ration of Lot IV with 9 parts Ca lactate added 
VI “sy * © ™ teeealé..“ 
VII “  “« “« Iv * 9 “ glycerol added 
VIII “« « « TV “ 9 “ equal parts K and Na lactate 
TaBLe II 
Average Daily Fluorine Ingestion Expressed in Mg. 
| pot ee | | | Letv Lot VI Lot VII Lot VIII 
Wk, 
e age} oe |idel| e |ie| » [adel or | ‘de | » | ide 
daily ody daily ody daily | bo daily | body | daily | body | daily | body 
|weight |weight weight weight weight weight 
1 | 6.0 | 77.8) 2.7 | 34.8) 3.8 | 44.7) 4.9 | 56.0) 3.3 | 38.8 | 3.6 | 42.2 
2 | 6.0 | 77.8) 2.8 | 34.2) 3.4 | 36.6) 4.4 | 44.0] 2.9 | 32.5 | 3.6 | 39.8 
3 | 6.0 | 77.8) 5.7 | 62.0) 7.3 | 66.6] 6.7 | 57.6) 6.2 | 59.6 | 6.5 | 64.5 
4 | 6.2 | 83.9) 5.7 | 59.5) 4.6 | 37.3) 6.6 | 54.5) 4.9 | 47.8 | 5.5 | 51.6 
5 | 6.3 | 84.0) 7.3 | 56.6) 5.6 | 38.9) 5.9 | 46.3) 4.7 | 40.5 | 3.9 | 33.8 
6 | 6.0 | 80.0) 5.5 | 36.8) 7.2 | 46.8) 7.2 | 56.9) 4.9 | 39.1 | 3.4 | 28.2 





made up of four males and three females, except in Lots VII and 
VIII where four females and three males made up the lots respec- 
tively. The allotment and feeding plan are given in Table I. 


Results 


It is evident from the data presented in Table II that the quan- 
tity of fluorine ingested on Ration 34 was considerably less than 
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that ingested by the lot on basal Ration A with fluorine. 


rations containing the lactic acid and the Na and K lactate 
mixture were slightly less palatable. 


Apparently 6 to 7 mg. of F 


daily was all the fluorine that the growing rat would tolerate. 


energy content of Ration 34 allowed the animals to survive on a 
smaller daily feed intake than those on Ration A. Thus better 
growth and health were attained because the daily dose of fluorine 
was considerably reduced. Data from Lot II show that a daily 
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Fig. 1. Growth curves showing the effects of fluorine on rats fed a natural 
grain ration, or a high fat-low carbohydrate ration. 


the various lots of rats see Table I. 


fluorine intake of 78 to 84 mg. of F in the form of NaF completely 
inhibited growth. Ration 34 permitted fluorine intakes much 


For the feeding plan of 


below this level during the lst weeks of the experiment. 


addition of lactates, glycerol, or lactic acid did not increase the 
tolerance to fluorine nor diminish the severity of its action. 
While Ration 34 was conducive to greater growth, as shown by 
Fig. 1, the superiority of this diet was believed to lie in its greater 
energy content per unit weight. 


hydrate diet did not lessen the chronic toxic effects of fluorine 


Thus a high fat-low carbo- 


The 
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except as the higher energy content allowed a lower intake of 
fluorine per unit of body weight. 

Observations upon the general health and gross symptoms of 
extreme chronic fluorosis in the growing rat show unmistakable 
signs of infancy. Infantile characteristics were manifest in the 
fur and genitalia. The fur failed to lose its fur-like character for 
the mature hairy coat, while the genitalia of both males and 
females did not develop. The state of extreme chronic fluorosis 
in the rat was that of arrested growth. Five of the rats from Lot 
II were continued after the close of the experiment and placed on 
Rations A and 34 without added fluorine. On these diets the 
body weight taken after a 48 hour fasting period doubled in 15 
days. Activity was manifested in the genitalia by the opening of 
the vaginal orifice and by growth and descension of the testicle. 
The teeth, however, failed to return to normal in a recovery 
period of 60 days. 


DISCUSSION 


The evidence obtained in this study seems to indicate clearly 
that a shift in the balance of metabolites in the body does not 
alleviate the toxicity of NaF. Furthermore glycerol, lactic acid, 
or lactates at 9 per cent levels in the diet did not materially inhibit 
the development of fluorine toxicosis. These data point to the 
assumption that chronic fluorine poisoning involves more than 
the mechanism responsible for carbohydrate metabolism. Unless 
the catabolism of all excess protein and fat passes through the 
phosphoglyceric acid-pyruvic acid stage to the formation of lactic 
acid, it would not seem likely that Ration 34 would be without 
influence upon the development of fluorine toxicosis. It is, of 
course, conceded that part of the protein in its oxidation passes 
through the pyruvic acid stage. The oxidation of fatty acids has 
long been generally accepted as an oxidation taking place at the 
8-carbon atom with the ultimate formation of carbon dioxide and 
water from the intermediate acetic acid. If this theory of fatty 
acid oxidation is correct, then the oxidation of fats would avoid 
the specific fluorine-inhibited step involved in carbohydrate 
catabolism. 

The relationship of chronic fluorine poisoning to growth seems 
to support the view that fluorine toxicosis is a generalized systemic 
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reaction. The fact that growth was resumed when fluorine was 
taken from the diet indicates a direct inhibition of the factors 
controlling the growth impulse. This action could be accom- 
plished either through an influence upon certain endocrine glands, 
or directly by loss of appetite resulting in a lower feed intake and 
ultimate cachexia amounting to starvation. It seems unlikely 
that the effect of fluorine is upon the digestive tract directly since 
fluorine injections will cause lack of appetite and subsequently 
lower feed consumption. The phenomena of severe subminimal 
nutrition will produce many of the general symptoms noted; i.e., 
infantile characteristics of fur and genitalia as well as inhibit 
growth. Several explanations seem plausible. Some of them are: 
that the fluorine influences directly the hormone control of 
growth through the enzymes involved in their action; that the 
cachexia reduces the available energy to a very low level of main- 
tenance; and lastly one or more nutritional constituents may be 
reduced to sub-functional levels either directly through insufficient 
quantities being ingested caused by the reduction of feed intake, 
or through an interference with the function of the nutritional 
constituent at the site of utilization, the cell. It appears from 
this study and others made in this laboratory that the mode of 
action of fluorine is systemic in character, and it seems that this 
reaction is produced by its rather general inhibition of enzymatic 
systems. This view of the mode of action of chronic doses of 
fluorine in the animal organism stresses its influence upon the 
enzymes of the body rather than its specific effect upon Ca me- 
tabolism or the formation of lactic acid in the breakdown of 
carbohydrates. 

The isolated specific effects of fluorides represent the mode of 
action of fluorine in part only. They, too, can be explained on 
the basis of the action of F upon the enzymatic systems involved. 
The possibility of fluorine being primarily associated closely with 
phosphorus in the animal economy makes it not unlikely that 
fluorine may interfere with, or disturb the actively metabolizing 
systems involving phosphoric acid esters. 


SUMMARY 


It has been shown that an intake of 78 to 84 mg. of F per kilo 
of body weight when ingested as NaF with a natural grain ration 
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will completely inhibit growth in the growing rat. Young grow- 
ing rats would not tolerate more than 6 to 7 mg. of F per day. 

A high fat-low carbohydrate diet did not ameliorate the toxicity 
of fluorine except as the high energy content allowed lower daily 
intakes of feed and consequently lowered the daily intake of F 
sufficiently to permit some degree of growth. The addition of 
lactates, glycerol, or lactic acid to Ration 34 (a high fat-low 
carbohydrate diet) did not increase the tolerance to F nor di- 
minish the severity of its action. 

These data are interpreted to mean that chronic fluorine poison- 
ing involves more than a mechanism responsible for carbohydrate 
metabolism. The mode of action of F, viewed as a systemic 
reaction involving enzymatic inhibition, is discussed. 
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THE DETERMINATION OF THIOL AND DISULFIDE COM- 
POUNDS, WITH SPECIAL REFERENCE TO 
CYSTEINE AND CYSTINE 
I. CRITICAL STUDY OF THE COLOR REACTION BETWEEN 


PHOSPHO-18-TUNGSTIC ACID REAGENT AND 
THIOL COMPOUNDS 
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The biological importance of organic sulfur compounds has led 
a number of workers to devise methods for the quantitative deter- 
mination of thiol and disulfide compounds. The existing methods | 
can be classified into the following seven groups: (1) nitroprusside 
(1, 2); (2) iodate or iodine (3-6); (3) phospho-18-tungstic acid 
(7-9); (4) naphthoquinone sulfonate (10-13); (5) precipitation by 
cuprous oxide (14, 15); (6) cobalt complex (1, 16, 17); (7) dimethyl- 
p-phenylenediamine (18). 

Evaluation of these analytical methods depends chiefly upon 
(a) specificity, (b) precision, and (c) simplicity. 

The first method in the form modified by Shinohara and Kil- 
patrick (2) is specific for water-soluble thiol compounds and is also 
simple, but lacks precision, and therefore is applicable only for 
rough estimation. The second and its modifications, regardless 
of their popularity, are not specific, nor precise. The third has 
been much used and modified. Its non-specificity and imper- 
manency of color have frequently been criticized. However, it is 
with a modification of this method that the present paper deals. 
The fourth was claimed by the originator to be highly specific and 
its application in the biochemical field has been increased through 
a few modifications. Besides the large errors inherent in its com- 
plexity, which have recently been reported by Bushill et al. (13), 
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the impermanency of the color and the great influence of the com- 
ponent reagents upon its intensity make the method less useful. 
Moreover, in spite of its claimed specificity, it utterly fails 
to differentiate cysteine from cystine, which is important for some 
biochemical studies. The fifth, besides being tedious, fails to dif- 
ferentiate thiol from disulfide compounds although it appears to 
determine their combined amount more or less accurately. The 
sixth is simple and specific for water-soluble thiol compounds, but 
the accuracy is not high, the average error occurring in color stand- 
ards being roughly 3 per cent. Besides, the presence of histidine 
somewhat interferes with the determination. The seventh method 
has recently been worked out by Toyoda (18) at the author’s sug- 
gestion. It is still in an unfinished state, and its applicability 
is doubtful. 

Evidently none of these methods possesses all three essential 
qualities. This lack has caused neglect of standardization of thiol 
compounds, especially cysteine, even though it has been frequently 
used as the standard for colorimetric determination or for various 
other quantitative experiments. In many cases reported com- 
mercial cysteine was used seemingly with the assumption that it 
is of 100 per cent purity,! which is far from the truth, as will be 
shown in a later paper. In other cases, a cysteine solution ob- 
tained by reducing cystine with zine or tin was used as a stand- 
ard, assuming 100 per cent reduction. However, the reduction 
of cystine by zinc is such a slow process, even in a strong acid 
solution and at high temperatures, in spite of the rapid production 
of hydrogen gas, that complete reduction usually takes more than 
24 hours. Tin, except in powder form, also reduces cystine very 
slowly. These facts indicate that serious errors have probably 
been committed. 

The chaotic state of thiol and disulfide determination indicates 
the importance of establishing a method combining the three 
qualities. After trials with various methods, Lugg’s study (9) 
of the phospho-18-tungstic acid method suggested many promising 
points toward such a purpose, in spite of its shortcomings in some 
aspects. 

Therefore a series of critical studies was carried out, mainly 


1 Michaelis and Yamaguchi (17) actually determined the purity of cys- 
teine used in their experiment by iodine and oxygen uptake methods. 
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from a pragmatical standpoint. The conditions best suited for 
the determination of cysteine and cystine were established; a 
method was found for the easy standardization of cysteine and some 
other thiol compounds; and a method was found which can advan- 
tageously be used for urine and other biological materials. It was 
found by the latter method that fresh urine contains a thiol com- 
pound which is oxidized in air. These aspects will therefore be 
reported in a series of papers. 


EXPERIMENTAL 


Reagents 

1. 0.01 m cysteine solution in 0.2 m HCl. A definite amount 
of cysteine hydrochloride (Pfanstiehl), of which the cysteine con- 
tent had been determined by the method to be reported in a later 
paper, was used to make the solution. Cysteine hydrochloride is 
somewhat hygroscopic, increasing its weight exponentially on 
being exposed to the air. Therefore, the sample should be weighed 
within 5 minutes, allowing not more than 0.1 per cent increase. 
The solution should be discarded after standing over 2 days or its 
content should be redetermined.? 

2. 0.01 m thioglycolic acid solution in 0.2m HCl. An Eastman 
Kodak Company preparation was distilled under 18 mm. of Hg, 
and the middle portion that came out between 115-116° was col- 
lected. 0.2303 gm. was dissolved in 25 cc. of 2 m HCl and the 
total volume was made to 250 cc.* 

3. Phospho-18-tungstic acid reagent. The reagent was made in 


2 This cysteine solution changes gradually on standing, mainly owing to 
oxidation, according to the polariscopic and the phospho-18-tungstic acid 
method, no H,S having been produced, even after 52 days. Although the 
rate of oxidation varies somewhat with the conditions, the cysteine concen- 
tration of the solution kept at 20-30° for a month can be expressed by the 
following equation, within the average error of about +4 per cent: C = 
Cy (1 — 0.0023 N) where C» is the initial concentration of cysteine (0.01 m), 
and C is the cysteine concentration after N days preservation. 

* This purified thioglycolic acid was assumed to be practically 100 per 
cent pure, owing to the foliowing facts: 1 mole of it combines with 0.5 mole 
of HgCl,; and, as will be shown later, the same molarconcentrations of thio- 
glycolic acid and cysteine produce the same color intensity. The stability 
of the thioglycolic acid solution was not tested, but in each experiment a 
solution not more than 5 hours old was used. 
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strict accordance with the directions given by Folin and Marenzi 
(8), except that the addition of lithium phosphate in the final 
stage was entirely omitted, being wholly unnecessary under the 
conditions employed by the author. The reagent thus prepared 
gives no color with phenol, tyrosine, tryptophane, other amino 
acids, and uric acid; and 1 ec. (roughly 3.5 X 10~* moles as WO;) 
corresponds approximately to 2 X 10-* moles of cysteine (2 ce. of 
0.01 m cysteine solution). 1 cc. of the reagent of the above 
strength will be called 1 unit of reagent. 

4. The various other substances will be described as mentioned. 


Technique 


Unless otherwise mentioned, the blue color due to the reduction 
of phospho-18-tungstic acid is developed in the following manner: 
10 cc. of 2 m sodium acetate, 3 cc. of 2 M acetic acid solution, and 
an indefinite amount of water are first put into a 50 cc. glass- 
stoppered volumetric flask. Usually following the addition of a 
definite amount of the cysteine solution or a solution of other sub- 
stances, 4 cc. of the reagent are added to the buffer solution and 
the total volume of the reaction mixture is made exactly 50 ce. 
When more than 3 ce. of the cysteine solution in 0.2 mM HCl ora 
large amount of any other acid solution is added, the acid is neu- 
tralized by adding an equivalent amount of NaOH solution. Thus 
the pH of the solution is maintained in the close neighborhood of 
5.0 and its composition is 0.4 m in sodium acetate, 0.12 m in acetic 
acid, 80 cc. per liter in the reagent, and varying concentrations 
in other compounds. 

Immediately after it is made up to 50 cc., the flask is stoppered 
and shaken vigorously. The color intensity, which usually reaches 
the maximum within a few minutes, is measured after 5 to 10 
minutes, unless a kinetic measurement is made. 

The room temperature varied +2.0° at the maximum for a single 
experiment. For all the experiments the temperature range 
was 27° + 6°. 


* Although this equivalence is not important for the analytical method, 
it is convenient in determining various concentrations of cysteine and 
cystine. Therefore, the reagent prepared should comply with the above 
statements. The solution was found to be stable for at least 5 months. 
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Standard Color Solution—The color intensity of the mixture con- 
taining 2 ec. of 0.01 m cysteine’ in 0.2 m HCl per 50 cc., besides all 
the other components mentioned under ‘‘Technique,”’ was taken 
all through the experiments as the unit. The cysteine concen- 
tration of the standard color mixture, therefore, is 4 K 10-* mM 
(48.4 mg. per liter). 

Six color standards were made from six different cysteine solu- 
tions and six colorimetric readings were taken of each of the color 
standards. The probable deviation of a single reading of the same 
color standard was found to be +0.2 per cent, while the deviation 
of a single reading from the average of all thirty-six readings was 
+0.37 per cent.6 Such a small probable error has a great advan- 
tage over other methods. Moreover, the color of the mixture 
reaches its maximum in 2 to 3 minutes and remains constant for 
at least 6 hours in the room (¢ = 25° + 3°). The change in inten- 
sity of the color standard solution was examined by comparing 
standard solutions of definite ages with standards freshly made 
for each determination. 

A more detailed explanation of the color change of the standard 
will be seen in Table I. 

Influence of pH on Color Development—Whether citrate or ace- 
tate is used as a buffer substance makes no material difference in 
the color intensity developed, as long as the pH of the mixture is 
the same; and the color intensity versus pH curve given by Lugg 
(9) was found to be correct, except for a slight disagreement in 
the part where pH is lower than 4.7. When phosphate buffer is 
used, phospho-18-tungstic acid is gradually precipitated, and the 
color developed by cysteine is less than might be expected. How- 
ever, if the reagent is added after cysteine, practically the same 
intensity seems to be obtained. 

The relation between color intensity and pH was carefully 


5 It was found by this colorimetric test that cysteine in the acetate buffer, 
in aeration, is stable for 2 hours, and oxidized 7 per cent at 4 hours, 50 per 
cent at 27 hours, 100 per cent at 70 hours. 

6 Where this color standard is used for color comparison with very dilute 
cysteine solutions, somewhat larger errors occur, as will be discussed later. 
Therefore, one containing 4 X 10-* m cysteine may advantageously be 
substituted for it when a test solution contains less than 1 X 10~‘ m cys- 
teine. The color intensity of this solution is taken as 0.1 unit. 
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studied in the pH range of the acetate buffer,’ reaction mixtures 
being used which contained the same amounts of components as 
described under the color standard, except for varying amounts 
of acetic acid. The time of the addition of the reagent was taken 
as the initial time. The pH was determined by color com- 
parison, with solutions which contained all of the compounds but 
cysteine. When the amount of acetic acid added is small, the 
pH thus determined differs appreciably from the values calculated 
from the results of Larsson and Adell (19) (K. = 4.52 at 0.4 m) 
owing to the acidity of the reagent. Fig. 1, in which the results 
of such experiments are plotted, shows that the higher the pH of 


TaBLE I 
Change in Color Intensity of Color Standard Solution 
Composition: sodium acetate 0.4 M, acetic acid 0.12 m, cysteine 4 X 10~ 
mM, HC18 X 10-*m. The reagent = 4 cc. per 50 cc.; pH 5.0; total volume 
50 cc. 








Time elapsed, Ars.............. 0.1 2 4 6 24 30 50 79 102 
Color standard kept in 0.998/0 .990)1 .002 0.938/0 .838)/0.700 
room (¢ 25° + 3°) 1.00 |1.00 |1.00 |0.951/0.931/0.845/0 .701/0 . 569 
Color standard kept in |1.00 1.00 0.931 0.716 
dark room (t 25° + 3°) 
Color standard kept in |1.00 0.995 1.005 
ice box (¢ 0-2°) 
































the medium, the faster is the color development, until the medium 
reaches pH 4.7, beyond which the maximum color intensity is 
reached within 2 minutes. In Fig. 2, the maximum intensities 
are plotted against the pH of the mixture. It shows that between 
pH 4.7 and 5.4, in which the amount of acetic acid added was 
varied from 5 to 1 cc., the color intensity remains the same. With 


7 The author used acetate buffer because its preparation is far simpler. 
The calculation of pH is also far easier, because the dissociation constants 
at various ionic strengths (19) and temperatures (20) have been worked out, 
while in the case of citrate the determination of pH always depends upon 
the experiments, because it has three dissociation constants, the changes 
of which with ionic strength are unknown (21). 
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citrate and sodium bicarbonate buffer, it was found that this con- 
stancy of color is valid until the pH reaches about 8.0, beyond 
which there is a slight increase in intensity. However, the fading 
of the color becomes more rapid as pH increases. 

For this reason, 10 ec. of 2 m sodium acetate solution and 3 cc. 
of 2 m acetic acid are used in the color standard and all the other 
experiments. Moreover, at this pH the colors of interfering sub- 
stances are considerably minimized. 

Effect of Increasing Amount of Phospho-18-T ungstic Acid Reagent 
upon Color Intensity—The kind and amounts of components of 
the reaction mixtures are the same as those of the color standard, 
except that the amount of the reagent is varied (2 to 15 ec.) with 
previous addition of NaOH to neutralize its acidity (pH 5.0). 
The color developed by greatly different amounts of the reagent 
is uniform within the experimental error inherent in the determina- 
tion (Fig. 3). This phenomenon may be understood if the reaction 
between cysteine and the reagent proceeds to 100 per cent comple- 
tion. A strict proportionality existing between the color intensity 
and an active substance of the reagent, in the presence of an excess 
of cysteine, makes the method useful for the quantitative deter- 
mination of the active substance, phospho-18-tungstic acid. 

Effect of Dilution—On dilution, either with water or with the 
acetate buffer, the color intensities of the final solutions are strictly 
proportional over the concentration range of 4 X 10->to 4 x 10 
M cysteine. Such dilution may therefore safely be made, when 
necessary, for colorimetry. 

Cysteine Concentration and Color Intensity—Proportionality® is 
also satisfactorily maintained on varying the amounts of cysteine 
taken, provided enough of the reagent is employed (Fig. 3). The 
minimum concentration of cysteine which gives noticeable color 
with the reagent under the specified conditions is 4 K 10~* M, or 


8 Owing to errors occurring in colorimeter readings and measurements 
of volume, errors of —0.6 to —6.0 per cent below 1.5 X 10~‘ m cysteine 
concentration and less than +1.0 per cent between 2 X 10~ and 16 X 10-‘m 
were observed. If it is desired to decrease the error in the determination 
of cysteine at lower concentrations, 4 X 10-* m cysteine solution may be 
used as the standard, with which cysteine from 0.4 X 10-* to 2.0 X 10-*m 
can be determined with errors of +0.25 to 5.0 per cent, which correspond to 
+0.025 to 0.5 per cent of the 4 X 10~‘ m cysteine color standards. 
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0.482 mg. of cysteine per liter. The color can be determined with 
a total volume of 10 cc. instead of 50 cc., with very liftle more 
error. Therefore, the smallest amount of cysteine to be detected 
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Fig. 3. Increase in color intensity (J) against cysteine concentration. 
Color standard, 4 X 10-* m cysteine. @ 20 cc. per liter of phospho-18- 
tungstic acid reagent (Curve A); X 40 cc. (Curve B); A 60 ce. (Curve C); 
0 800 ee. (Curve D); O 100 cc. (Curve E). 


Thioglycolic Acid Concentration and Color Intensity—With vari- 
ous amounts of 0.01 m thioglycolic acid in 0.2 m HCl, the same 
experiments as in the case of cysteine were performed. The cys- 
teine color standard was also used in this series of experiments. 
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The results showed proportionality of the color intensity with the 
thioglycolic acid concentration (+2 per cent), and also that the 
same number of moles of cysteine and thioglycolic acid produce 
the same color intensity. The rate of color development of the 
acid is also practically the same as that of cysteine. 

«ner Thiol Compounds*—Methionine was found to give no 
coloration even after 24 hours, as theoretically predicted for such 
a linkage as —S—CH;3. 

0.01 m NaS solution was made from crystalline sodium sulfide 
(Merck’s reagent grade). Na2S develops color exponentially with 
time, but the rate is very slow. For instance, solutions con- 
taining 6 X 10-*m and 1 X 10-* m were found to produce respec- 
tively 0.18 and 0.33 unit of color in 10 minutes, when distinct 
turbidity appears, preventing colorimetry. The precipitate is 
very likely sulfur. The color slowly increases, even after the ap- 
pearance of the precipitate and the maximum cannot be defined. 
It was proved that bubbling nitrogen gas, preferably under reduced 
pressure, through acid cysteine solution frees it from its H,S 
content, and the resultant solution gives the same intensity as 
one containing no HS originally. 

With n-butyl mercaptan the color develops with time exponenti- 
ally and very slowly, as for Na.S, and the color intensities developed 
are roughly the same as for the corresponding amount of Na2S for 
about 10 minutes, after which the rate decreases greatly. Disul- 
fide precipitation was observed in 7 to 10 minutes with a solution 
which contained more than 4 X 10-*m. No proportionality be- 
tween the color intensities and the mercaptan concentrations could 
be observed at any time, a solution containing less mercaptan 
sometimes showing greater intensity. The irregularities are, no 
doubt, due to its insolubility. Others, like ethyl mercaptan and 
thiocresol behave in a similar manner. These water-insoluble 


® Glutathione was examined, the Eastman Kodak Company’s prepara- 
tion being used. Various peculiarities were observed, especially that, as 
its solution in 0.2 m HCl stands, the maximum color intensity increases 
until after 15 days it reaches 82.5 per cent of that produced by an equivalent 
amount of cysteine, beyond which there is no increase. This is probably 
due to the fact that the sample used was in the form of a disulfide, which 
hydrolyzes very rapidly compared to cysteine. This peculiarity will be 
studied when pure glutathione is obtained. 
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mercaptans were found to be easily extracted by shaking the solu- 
tion with chloroform or with ether. 

Cysteine solution mixed with the mercaptan showed the antici- 
pated intensity after being shaken once with the same volume of 
chloroform. 

Effect of Salts upon Color Development—By increasing ‘Ragcpalt 
concentration, three effects are possible. The first is upon the pH 
of the medium due to the change in the classical dissociation con- 
stant of acetic acid ; the second is that of the added salts upon thiol 
compounds; the third upon phospho-18-tungstic acid. All these 
three effects will influence the rate and the intensity of color devel- 
opment. The first effect is negligible because the change in ionic 
strength from 0.4 to 2.0 Mshifts the pH of the medium only from 50.0 
to 5.1, which has an imperceptible effect on the color. The second 
effect is brought about when salts of heavy metals like silver and 
mercury are added. They combine in the pH range with thiol 
compounds to form mercaptides, decreasing or destroying the 
color.° The third effect is caused by ions of zinc, alkali-earths, 
ete. They form precipitates with phospho-18-tungstic acid, pre- 
venting color production. 

Even at a concentration as high as 1.2 m, LiCl, LiSO,, (NH4)2SO,, 
NaSO,, KNO;, and CCl;COONa have not the slightest effect 
upon either the rate or intensity of color production, although 
(NH,)2SO, and Na2SO, at high concentrations (about 1.0 m) pro- 
duce large square crystals after 40 hours, and KNO; at 0.4 m 
produces rhombic crystals in 20 hours, and at 0.8 m in 2 hours. 
CH;COONa also shows no influence as long as the medium is 
maintained in the neighborhood of the specified pH region. On 
the contrary, the halides of K, Na, NH,, and Mg show con- 
siderable influence which depends upon the length of time they are 
in contact with the reagent before cysteine is added; the longer 
they are in contact, the less color is developed. Thus, NH,Cl 
at 0.4 m produces 93 per cent color after contact of 1 minute, 71 
per cent after 3 minutes, and 60.2 per cent after 5 minutes. NaCl 
at 0.4 m produces about 90 per cent after contact of 1 minute and 
less than 10 per cent after about 5 minutes. KCl at 0.4 m produces 
only 81 per cent after contact of 1 minute. 


1° This effect of Hg salt will be described in detail in a forthcoming paper. 
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If cysteine is added to the reaction medium before the reagent, 
which is the specified procedure, these salts below 0.4 m show prac- 
tically no effect upon the maximum color intensity and but little 
effect upon its rate of development. However, they show marked 
effect beyond that concentration. 
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Fig. 4. Effect of halides upon the color production of cysteine and phos- 
pho-18-tungstic acid. Color standard, 4 X 10~‘ m cysteine. . 


Among the halides examined, KI has the most prominent effect, 
even at 0.08 m greatly retarding the color development and dimin- 
ishing by 10 per cent the maximum intensity. The effect becomes 
stronger as its concentration increases (Fig. 4) and beyond 0.2 m 
there is abundant formation of precipitate (minute colorless cubical 
and rhombic crystals) after 4 hours. KCl beyond 0.4 m shows a 
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distinct effect (Fig. 4). Even in a solution of 0.4 m precipitation 
of minute colorless cubical crystals was observed after 2 hours. 
MgCl slightly retards the color development at 0.4 m and more 
strongly as its concentration increases. However, it has no effect 
upon the maximum intensity (Fig. 4). NaCl beyond 0.6 m 
depresses the maximum intensity, although it has but slight effect 
upon the rate of its development (Fig. 4). No precipitate forma- 
tion was observed even at 1.2 m for at least 6 hours. NH,Cl 
also has only slight effect upon the color development, but de- 
presses the maximum intensity by 2 per cent at 0.6 m, which de- 
creases as its concentration increases (Fig. 4). Precipitation of 
large crystals was observed after 24 hours in solution containing 
more than 0.8 m NH,Cl. Potassium and sodium cyanide have 
the greatest effect of all the salts examined. They inhibit color 
even at 0.0025 m for about 30 minutes, after which slight color 


appears. 
DISCUSSION AND SUMMARY 


Wu’s study (22) leaves no doubt that the reduction of phospho- 
18-tungstic acid reagent by thiol compounds causes the color pro- 
duction. As seen in Fig. 4, the minimum amount of cysteine that 
produces maximum color intensity with 1 ec. of phospho-18-tung- 
stic acid is approximately 2 XK 10~* moles. 1 cc. of the reagent 
contains roughly 3.5 X 10-* moles of WO;, which corresponds to 
1.94 X 10-* moles of phospho-18-tungstic acid. Therefore, it 
would be concluded that cysteine reacts with the complex acid 
with 1:1 ratio. Moreover, it was proved by Lugg (9) and also 
will be shown by the author in another paper, that the oxidation 
of the cysteine in this reaction does not proceed beyond the cystine 
stage. Thus the reaction between the complex acid and cysteine 
or thioglycolic acid may be expressed by the following stoichio- 
metrical equation: 


2R—SH + 2(H,0);P:0;(WOs):s = R—S—S—R + H,0 + 2(H,0);P:0;(WOs):7. WO; 


or 2(H;,0);P:0;(WO,)isW:0; 


Advantage of the use of acetate buffer (pH 5.0) as the reaction 
mixture was pointed out. 

Adjustment of the pH of the reagent was not made in this series 
of experiments, but was found possible, without destroying its 
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composition, by means of LiOH. According to Wu (22), a pure 
A-phospho-18-tungstic acid can be prepared. Though important 
for chemical studies, it is not for the purpose of thiol compound 
determination, provided its relation to cysteine is known. 

The oxidation-reduction equilibrium of the complex acid and 
its reduced form has not been studied so far, although it is impor- 
tant for the elucidation of the color reaction. Indifference of 
cystine to the color suggests that the reaction between the complex 
acid and a thiol compound is the shift of the oxidation-reduction 
equilibrium of the former compound by the apparently irreversible 
oxidation of cysteine. The relation between the rate of color 
development by thiol compounds and the pH indicates that reduc- 
tion of the complex acid is due to the ionized thiol group. 

The very slow color production by the insoluble thiol compound 
is, no doubt, due to its insolubility, and the rate is probably that 
of diffusion. From the analytical standpoint, such insoluble 
mercaptans can be easily extracted with ether or preferably with 
chloroform, and thus present no special difficulty. 

HS, which may be present mostly as a decomposition product 
in the solution for which cysteine (or other thiol compound) is to 
be determined, was shown to be easily removed by means of nitro- 
gen or carbon dioxide gas. The indifference of the disulfides, uric 
acid, and amino acids makes the method very useful. 

Owing to their retarding effect upon the color development, the 
use of halides at a high concentration in any stage of thiol deter- 
mination should be avoided. Thus, for the hydrolysis of proteins, 
H.SO, should replace HCl, and, if the latter is used for some 
unavoidable reason, it should be neutralized with LiOH. 

The effect of the phosphate buffer upon the complex acid is 
apparently due to the K ion present in the form of potassium phos- 
phate. It was shown that potassium and ammonium salts precipi- 
tate the reagent. 

The predominant effect of cyanide is unknown. Wu used 
sodium cyanide in a concentration of about 0.02 m in the colori- 
metric determination of uric acid, apparently without any notice- 
able peculiarity, while in the present experiment even 0.0025 M 
NaCN was shown to inhibit the color development for some time. 
The difference is probably due to the difference in pH of the two 
media, the former being in the range of NaCOs, while the latter is 
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5.0. Owing to the color-retarding effect of KCN, it cannot replace 
sulfite, which is used in the determination of cystine. 

In the light of the experimental results, the procedure described 
under “Technique” is justified as a general analytical method 
for cysteine and thioglycolic acid. 


The author would like to express his gratitude to Mr. Robert 
MeNeil, Dr. Stanley P. Reimann, and Dr. Frederick 8S. Hammett 
for their assistance in various ways. He also would like to thank 
Dr. Vincent du Vigneaud for his kind gift of the methionine used 
in the experiment. 
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THE ALKALOIDS OF HAN-FANG-CHI 


By K. K. CHEN anp A. LING CHEN 
(From the Lilly Research Laboratories, Indianapolis) 


(Received for publication, March 7, 1935) 


The Chinese drug fang-chi probably includes several species 
of menispermaceous plants. One variety that is commonly sold 
in Chinese drug stores is known as han-fang-chi apparently 
because it was originally cultivated in Han Chung (1). There 
is considerable uncertainty concerning the botanical identification 
of han-fang-chi. Hoffmann and Schultes (2) gave it the name 
Cocculus japonicus, while “Botanical nomenclature” (3) classified 
it as Cocculus diversifolius. The last designation may not be 
correct because Ohta (4) reported the isolation of kukoline, 
CieH2003N -3H2O, m.p. 162°, and diversine, CjsH200,N, m.p. 144- 
154°, from Cocculus diversifolius, while the alkaloid present in 
han-fang-chi, as described below, is obviously different from 
either of these. 

The part of the plant that is employed in Chinese medicine is 
the root. Han-fang-chi has been advocated as a diuretic, an 
expectorant, and a cathartic (1). It has also been recommended 
for the control of rheumatic pain and hemoptysis. 

A preliminary study of han-fang-chi was undertaken by Kubota 
(5) who separated an alkaloid which had a melting point of 217°, 
specific rotation [a]® = .+262.8°, and an empirical formula 
CisH230;N. He believed that his alkaloid was identical with 
tetrandrine, which Kondo and Yano (6) isolated from the Japanese 
plant Stephania tetrandra. 

In 1931 a shipment of han-fang-chi was made available to us 
from Shanghai. These roots on the average measured 1.6 cm. in 
diameter. They were already cut in short pieces, 3.2 em. long, 
and were split in the center longitudinally. The covering of the 
root is light brown, while the cut surface appears pale white. 
681 











682 Alkaloids of Han-Fang-Chi 


Our specimen was subjected to alkaloidal assay and ash analysis." 
As shown in Table I, han-fang-chi has an alkaloidal content of 2.3 
per cent, the u.s.P. assay process for belladonna leaves being used 
(7). It gives off an average of 9.09 per cent of moisture and vol- 
atile matter when heated to 100°, and yields 3.48 per cent of ash 
upon incineration. The ash is more soluble in 10 per cent hydro- 
chloric acid than in water. Iron and aluminum oxides are present 
in the ash to the extent of 25.03, calcium 14.01, phosphorus 5.02, 
magnesium 4.85, and sulfur 2.18 per cent. Both potassium and 
sodium were detected. 








TaBie | 
Analysis of Han-Fang-Chi 

Analysis for Sample 1 | Sample 2 | Sample3 | Average 

per cent per cent per cent per cent 

Total alkaloids...............0.0.. 2.40 2.21 2.30 
Moisture and volatile matter...... 9.15 9.08 9.03 9.09 
cael ae eG te kawa eee 3.47 3.49 3.48 3.48 
Water-soluble ash................. 43.66 45.04 44.63 44.44 
HCl-soluble ash..................- 48.07 47.33 46.37 47.26 
ER oc concerns ocuececswes 8.27 7.63 9.00 8.30 
ca Sichscnchadntawhew aces 4.87 4.85 4.82 4.85 
tae ht wee 2.25 2.10 2.18 
Fe,O; and Al,O; in ash............ 25.09 24.98 25.03 
eM Vinee bus kdedevetioxnes 4.97 5.02 5.07, 5.02 
Se Peas vesdbeumdeenks sheen 13.89 14.12 14.01 

















The chief interest of our investigation was, of course, in the 
isolation of alkaloids. For this purpose, 11 kilos of the powdered 
drug were percolated with 95 per cent alcohol until the alkaloids 
were practically exhausted. The alcoholic extract was distilled 
under diminished pressure to a very small volume. The thick 
syrup was dissolved in 1 per cent hydrochloric acid. To the acid 
solution, which was filtered, a 1 per cent solution of sodium hy- 
droxide was added, and the heavy precipitate thus formed was 
separated by suction. Most of the precipitate was soluble in 
warm acetone and gave rise to a uniformly crystalline body. The 


1 We are indebted to Mr. Walter Hoover for his alkaloidal assay and to 
Mr. Robert C. Anderson for his ash analysis. 
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substance, undoubtedly a base or an alkaloid, was finally purified 
by recrystallization. It forms fine, colorless needles and is soluble 
in acetone, chloroform, and ether, less soluble in ethyl alcohol, 
but insoluble in water and petroleum ether. It exhibits a slight 
green fluorescence in acetone solution. When dissolved in a dilute 
acid solution, it reacts with most of the alkaloidal reagents. It 
melts at 217-218° (corrected) and has a specific rotation [a] = 
+252.4° in chloroform. 

The results of our combustion analyses and molecular weight 
determinations? agree with those of Kondo and Yano (8) for 
tetrandrine, and, provisionally, we therefore also adopt their 
revised empirical formula CysHeOeNe. 


Analysis—C3sH.0.N2 
Calculated. C 73.26, H 6.80, N 4.50, mol. wt. 622 
Found. ‘* 73.00, ‘* 6.96, “ 4.43, “ “ 559 
“* 72.00, “ 6.80, “ 4.39, “ “ 549 
“ce “cc 565 


It should be noted that the observed molecular weight is lower 
than the theoretical value, although it closely agrees with Kondo 
and Yano’s (8) figures (572, 552, 530). It differs from their 
original data (309, 298) as well as Kubota’s (5) determination 
(309). The substance apparently contains four methoxy and 
two methylamino groups as shown by the following analyses. 


C.H of 

30th is ‘\oNCH, 

Calculated. 40CH; 19.94, 2NCH; 4.83 

Found. “ 19.63, 18.47, 19.31, “ 4.16, 4.44, 4.99 


Although the alkaloid is easily crystallized, the crystallization 
of its salts offers much more difficulty. We were successful in 
preparing a series of six new salts. They may be briefly described 
as follows: 

Tetrandrine hydrochloride, C3s3HeOsN2-2HCl, can be best pre- 
pared by suspending the pure base in a small amount of water and 
adding, drop by drop, 5 per cent hydrochloric acid until the solu- 


? The analyses reported in this paper were made by Dr. Ing. A. Schoeller, 
Berlin-Schmargendorf, Germany, but the molecular weight determinations 
were made by Dr. A. M. VanArendonk of our own department according 
to the Rast method. 
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tion is just acid to litmus. The whole is evaporated to dryness 
and redissolved in absolute alcohol or a mixture of butyl and ethyl 
alcohol. The hydrochloride crystallizes in colorless prisms, softens 
at 263° (corrected), and foams at 266° (corrected). Its specific 
rotation is [a]?” = +224.2° in water. It is soluble in water and 
alcohol, less soluble in butyl alcohol, slightly soluble in acetone 
and chloroform, but insoluble in ether and petroleum ether. 


Analysis—CyHw2O.N2-2HCl. Calculated, Cl 10.49; found, Cl 10.52. 


Tetrandrine hydrobromide, C3sHw2OcN2-2HBr, can be made and 
purified in a similar manner to the hydrochloride. The salt forms 
short colorless needles, and has a specific rotation of [a]? = 
+200.7° in water. It colors at 258°, softens at 268-278°, and 
foams at 270° (corrected). Its solubility is practically the same 
as that of the hydrochloride. 

Tetrandrine nitrate, CssHiOsN2-2HNOs;, may be prepared by 
dissolving the alkaloid in 50 per cent alcohol with 5 per cent 
nitric acid. Purification should be carried out in 95 per cent 
alcohol. The nitrate crystallizes in prisms, single or in rosettes, 
and has a specific rotation of [a]? = +211.2°in water. It softens 
at 205° and decomposes at 208° (corrected). It is soluble in water 
and alcohol, but insoluble in ether, petroleum ether, benzene, 
acetone, and chloroform. 

Tetrandrine oxalate, C3sHwOsN2-H2C20,, may be obtained by 
the same method as the hydrobromide. It crystallizes in white 
needles, softens at 147.5-148.5°, and foams at 165-170° (corrected). 

Tetrandrine picrate, C3sHwOsN2-2CsH;07N3, is formed when 
a saturated solution of picric acid is dropped into an acetone 
solution of tetrandrine. The insoluble yellow salt is filtered off 
and thoroughly washed with water, alcohol, and ether. It de- 
composes at 235-242° (corrected). 

Tetrandrine flavianate, C3sHeOsN2-2CioHsOsN2S, may be pre- 
pared in a similar manner to the picraté. It is yellow in color and 
insoluble in most solvents. It decomposes at 248-250° (corrected). 

There is evidence that han-fang-chi contains other alkaloids 
in addition to tetrandrine. This is now being further investigated. 
The pharmacological results on tetrandrine will be presented in 
another communication. 
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SUMMARY 


The Chinese drug han-fang-chi contains an average of 2.3 per 
cent of total alkaloids. 

An alkaloid has been isolated in pure form. The analytical 
data conform to the empirical formula of tetrandrine, CssHwOsNe. 
It has four methoxy and two methylamino groups. A series of 
six new salts has been prepared—the hydrochloride, the hydro- 
bromide, the nitrate, the oxalate, the picrate, and the flavianate. 

Upon ignition, han-fang-chi yields 3.48 per cent ash. The 
elements present in the ash are iron, aluminum, calcium, potas- 
sium, sodium, sulfur, and phosphorus. 
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A NEW METHOD FOR THE SEPARATION OF STEROLS 
FROM VITAMIN D-CONTAINING MATERIALS 


By SAMUEL NATELSON anv ALBERT E. SOBEL 


(From the Pediatric Research Laboratory and the Pediatric Department of 
The Jewish Hospital of Brooklyn, New York) 


(Received for publication, January 28, 1935) 


In an earlier study (1) it was found that the inorganic salts of 
sterol sulfates were extremely insoluble in most organic solvents 
and for most salts practically insoluble in cold water. The sterols 
are readily transformed to these salts by means of pyridine chloro- 
sulfonate in the presence of excess pyridine, followed by treatment 
with potassium hydroxide. The reaction has since been found to 
be quantitative! and may be represented by the following equa- 
tions where R represents a sterol residue. 


R-OH + CiS0,H-C.H.N —CH_, p.080,H-C.HN 


R-OSO;H-C;H;N + KOH — R-OSO;K 


The salt formed is insoluble in organic solvents. It can be ex- 
tracted in a continuous extractor with diethyl ether or petroleum 
ether without a measurable loss of weight. 

Sterols are found widely distributed in nature. It is intended 
to apply this reaction for their separation and determination. 
For the isolation of large amounts of material it has the advantage 
over nitrated benzoyl chloride in that it is quantitative, the deriva- 
tive formed being far less soluble in organic solvents than the 
dinitrobenzoate esters. Quantitatively, it has advantages over 
digitonin in that it is easier to handle, less expensive, and offers a 
compound of definite composition which may be analyzed for 
sterol, potassium, or sulfate. 


! By the use of this method 0.1 mg. of cholesterol was recovered quanti- 
tatively within the limits of error of the Liebermann-Burchard reaction. 
Details will be reported later in connection with the applicability of this 
method to blood and other biological materials. 
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688 Separation of Sterols 


The reaction was applied to cod liver oil concentrate. It was 
expected that the antirachitic vitamin, apparently sterol-like in 
structure, would form an insoluble sulfate derivative and so be 
found with the sterol fraction, from which it could be separated by 
digitonin. This would afford a simple method for high concen- 
tration of the natural vitamin. 

The vitamin did not form an insoluble sulfate derivative. The 
insoluble fraction proved to be a mixture of sterol sulfates having 
no antirachitic action. All the antirachitic activity, within 
experimental error, was accounted for in the petroleum ether- 
soluble fraction which was about two-thirds the weight of the 
original non-saponifiable fraction. This fraction also gave the 
typical color test for vitamin A with antimony trichloride in chloro- 
form solution, while the insoluble fraction gave no such test. 

Evidence is rapidly accumulating that the antirachitic vitamin 
from different sources may not be the same entity (2-6). There- 
fore, the behavior of irradiated ergosterol and cholesterol toward 
this reagent was studied. In both cases, two fractions were 
separated as in the case of cod liver oil concentrate. Again, the 
insoluble sterol sulfate fractions were inactive antirachitically, 
whereas the ether extracts were highly active. 

In all the above cases the objection might be raised that so small 
a concentration of the vitamin is present that conditions for isola- 
tion of its derivative are unfavorable. The reaction was applied, 
therefore, to a high concentrate of the vitamin, calciferol (40,000 
international units permg.). In this case, only a petroleum ether- 
soluble fraction was isolated, which retained all the antirachitic 
activity of the original material. On ashing, an inorganic residue 
did not remain, which eliminated the possible objection that a salt 
might form which was soluble in petroleum ether. 

From these experiments it is evident that the antirachitic vita- 
min is inert to pyridine chlorosulfonate. This reagent can be used, 
therefore, in the separation of ergosterol and cholesterol from the 
vitamin. 

In view of the above observations, the limitations of this reagent 
are of importance. Since derivatives of phenol (7), ergosterol (1), 
and cholesterol (8) are known, it was of interest to note whether a 
cyclic compound containing a more typically alcoholic hydroxy 
group, such as borneol, would react with this reagent. Borneol 
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was successfully made to react to form a potassium borny] sulfate. 
Although further work is necessary in this direction before a signif- 
icance can be attached to these observations, it is apparent that 
this reagent reacts with hydroxy groups attached to cyclic nuclei 
widely differing in nature, but not with the antirachitic vitamin. 

It is apparent that on irradiation to form antirachitic substances 
some change takes place so that a potassium sulfate derivative 
cannot be obtained. In view of these experiments an explanation 
is necessary for the observed activation of ergosterol sulfate in 
aqueous medium (1). Accordingly dry potassium ergosterol sulfate 
was irradiated and found to be inactive. This same material, 
after irradiation in the dry state, was then boiled with water in 
order to see if the substance had been activated and was prevented 
from healing rickets because of the inhibition of the sulfate radical 
on antirachitic utilization. Again the material was found to be 
inactive. Boiling with water first and then irradiating, however, 
rendered the material powerfully active, indicating that no change 
had taken place in the ergosterol residue. These experiments 
harmonize the inactivity of the vitamin to pyridine chlorosulfonate 
and the activation of ergosteryl sulfate in aqueous medium. 

The described method for the separation of sterols is being 
applied to the determination of sterols in biological materials. 


General Method for Separation of Sterols from Vitamin-Containing 
Materials 


Pyridine chlorosulfonate was prepared by adding chlorosulfonic 
acid to a cooled solution of pyridine in chloroform. For each gm. 
of sterol (dissolved or suspended in 5 cc. of chloroform) 0.4 cc. of 
chlorosulfonic acid was added.to 3 cc. of pyridine dissolved in 5 cc. 
of chloroform. Pyridine ‘chlorosulfonate crystals separate out. 
However, this does not hinder the reaction in any way. To this 
salt suspension in chloroform and excess pyridine is added the 
solution of sterol. The mixture is allowed to stand for a few 
minutes with occasional shaking and then refluxed gently for 2 
hours. The pyridine and chloroform are evaporated off under a 
vacuum and 1 gm. of KOH dissolved in 10 cc. of water is added 
and the mixture cooled with crushed ice. Vigorous shaking is 
necessary to effect complete transference from the pyridine to the 
potassium salt. In most cases the salt may be easily filtered off 
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690 Separation of Sterols 


with suction on a Buchner funnel and washed with water, alcohol, 
and then diethyl ether. In the case in which a large amount of 
oily material is present, as in the case of cod liver oil concentrate, 
the material may be centrifuged from the water, and washed then 
with alcohol and diethyl ether. The residue is then continually 
extracted in a continuous extractor with anhydrous diethyl] ether, 
dried, and weighed. 

The combined extracts are evaporated under a vacuum at 35° 
so that almost all the-alcohol and ether are removed, leaving a 
mixture of water and oil. The mixture is then extracted several 
times with petroleum ether, the petroleum ether being washed 
several times with water to remove as much pyridine as possible, 
dried over anhydrous sodium sulfate, and then evaporated off 
under a vacuum. For large quantities of sterol, the amount of 
solvent may be decreased to about a total of 500 cc. of chloroform 
in a reaction with 100 gm. of material. 

The course of the reactions, amounts used, and yields may be 
found in Table I. 

Cod Liver Oil Concentrate—17 gm. of the vitamin concentrate 
(10,000 international units per gm. prepared according to Marcus 
(9)) were treated as in the general method, calculated on the basis 
of two-thirds of the material being sterol. The white crystalline 
sulfate salt obtained (5.9 gm.), recrystallized from large amounts 
of methyl alcohol, contained 7.24 per cent potassium, gave the 
blue-green color characteristic of cholesterol with chloroform, 
acetic anhydride, and sulfuric acid, and decomposed on rapid 
heating at 235-242°. This substance showed no antirachitic 
activity when administered in large doses and could only be 
activated if it were first boiled with water and then irradiated. 
Even then large doses (100 mg.) were needed for efficient healing. 

The petroleum ether extract was a heavy, semisolid, transparent 
material (11.1 gm.). 2 mg. of this oil produced a degree of healing 
in rachitic rats in 5 days which was equivalent to approximately 
3 mg. of the starting material. The vitamin concentrate gave a 
transient blue, rapidly changing to a pink and then a light brown 
with the chloroform, sulfuric acid, and acetic anhydride reagent. 

Irradiated Ergosterol—3 gm. of ergosterol, dried in a desiccator, 
were irradiated with a mercury vapor lamp at a distance of 1 foot 
for 30 minutes. This was treated as in the general method. The 
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ergosterol sulfate obtained (3.2 gm.) was inactive antirachitically. 
This salt was inactive on irradiation, nor could it be activated 
when the irradiated salt was boiled in water. Boiling 10 micro- 
grams of this salt in water for a few minutes and then irradiating 
for 3 minutes at a distance of 6 inches from the lamp produced 
excellent healing in rachitic rats in 5 days. 

The petroleum ether extract (0.3 gm.) was a yellow semisolid, 
viscous, transparent material, interspersed with occasional crystals. 
3 micrograms of this material would produce excellent healing in 
rachitic rats in 5 days. A more quantitative study of the potency 
of this material is to be made. 

Irradiated Cholesterol—10 gm. of dry cholesterol were irradiated 
for 1 hour, as in the case of ergosterol. The irradiated material 
was then extracted with 250 cc. of petroleum ether. The petro- 
leum ether was evaporated off and the residue (3 gm.) was treated 
as in the general method. 3.4 gm. of sterol sulfate and 0.23 gm. 
of cholesterol vitamin concentrate were obtained on extraction 
with 250 cc. of petroleum ether. The sulfate was inactive, while 
the petroleum ether fraction contained all the activity. The solu- 
ble heavy oil gave a weak sterol test with the chloroform-sulfuric 
acid-acetic anhydride reagent, giving a faint green, different in 
appearance from that produced by a similar amount of cholesterol. 

Calciferol—0.5 gm. of calciferol (experiment done in duplicate) 
was treated as in the general method. On addition of the KOH 
solution an oil separated and was recovered by extraction with 
petroleum ether. No petroleum ether-insoluble salt was obtained. 
On evaporation of the petroleum ether the calciferol crystallized 
and its potency was checked against the original material by feed- 
ing 0.34 microgram of each material to rachitic rats. The extent 
of healing was compared after 5 days. No measurable loss of 
potency was observed. A small sample of the petroleum ether 
extract was ashed, but left no residue. 

Bornyl Sulfate—This material was prepared after the general 
method. 7.7 gm. of borneol yielded 13 gm. of shiny, thin plates 
of potassium bornyl sulfate. CioHivOSO;K, K (calculated) 14.34, 
K (found) 14.26, decomposed at 220°. 1 gm. dissolves in 20 cc. of 
water. The borneol may be recovered by steam distillation. 

Biological Technique—Albino rats raised in our laboratory from 
an original Wistar strain were used. The mothers were kept on a 
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Bills (10) stock diet. The young were weaned at 21 days. At this 
time they were placed on the stock diet. At 23 to 25 days admin- 
istration of the experimental diet was begun. This was a modified 
Steenbock-Black (11) rickets-producing diet of the following 
composition: corn-meal 70, wheat gluten 16, brewers’ yeast 10, 
CaCO; 3, NaCl 1 per cent. Ca = 1.2, P = 0.24 percent. This 
diet, developed in our laboratory, has proved to be highly satis- 
factory. The animals, while developing marked rickets, grow 
better than they do on other rickets-producing diets. 

After a period of about 18 days, when the Roentgenograms 
showed evidences of marked rickets, the animals were given the 
material to be tested in 0.1 cc. of maize oil. The controls were 
given only the maize oil. In a few cases a 0.1 cc. water suspen- 
sion was used. At the end of 5 days the degree of healing was 
determined Roentgenographically and by the AgNO; stain on the 
tibie. In most cases, semiquantitative results were desired and 
hence two rats were used for each test, controlled by two other 
animals. None of the controls, during all these experiments, 
showed spontaneous healing. Most of the experiments were 
carried out at least twice. In some cases, where an approximate 
assay was desired, the experiments were repeated three times. 
The degree of healing was interpreted by means of standardized 
solutions of viosterol. Testing by a single dose, used in this 
investigation, was recommended recently by Coward and Key (12). 


SUMMARY 


1. Sterols may be separated efficiently from vitamin D-contain- 
ing material such as cod liver oil, irradiated cholesterol, and 
irradiated ergosterol by converting them to potassium salts of 
their sulfuric acid esters. © 

2. Dry potassium ergosterol sulfate cannot be activated anti- 
rachitically. It may be activated after boiling in aqueous medium. 

3. Insoluble potassium sulfate derivatives may be isolated from 
phenol, ergosterol, cholesterol, and borneol when treated with 
pyridine chlorosulfonate in chloroform solution but not from the 
antirachitic vitamin in cod liver oil, calciferol, irradiated ergosterol, 
and irradiated cholesterol. 


The authors wish to make the following acknowledgments: 
Calciferol was standardized and supplied by Dr. C. E. Bills of 
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Mead Johnson and Company. Ergosterol, brewers’ yeast, and 
standardized viosterol were supplied by Mead Johnson and 
Company. After the first experiments the cod liver oil concen- 
trate was supplied by the International Vitamin Corporation. 
The low phosphorus corn-meal was supplied by the Quaker Oats 
Company. Mr. Ronald Ellis helped in the breeding and care of 
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GALACTOSE IN THE THORACIC LYMPH OF THE DOG* 


By MARION FAY anp P. 8. WHARTON 


(From the Laboratory of Biological Chemistry, School of Medicine, University 
of Texas, Galveston) 


(Received for publication, February 12, 1935) 


Absorption of readily diffusible substances by way of the lymph 
seems probable and in the case of levulose (1) and of amino acids 
(2) it has been shown to occur. Search of the literature showed no 
figures for the galactose content of thoracic lymph after the ad- 
ministration of that sugar. The presence of galactose in the 
portal vein has been demonstrated and it seemed of interest to 
determine whether or not galactose was absorbed to any extent in 
the lymph and if so in what quantity. 

The work of Markowitz and Mann (3) demonstrated that liga- 
tion of the peripheral lymphatics or even complete hepatectomy 
did not affect the flow of lymph from the thoracic duct. Higgins 
and Lemon (4) and Higgins and Graham (5) investigated the 
lymph system in the dog. They concluded that all of the material 
absorbed into the alimentary lacteals appears finally in the thoracic 
duct and that this vessel plays an insignificant réle in the drainage 
of lymph from visceral parts other than the intestine. We felt 
justified therefore in regarding thoracic lymph as truly represent- 
ative of the material drained from the intestinal lacteals. 

The effect of ingestion of - galactose on blood glucose has been 
studied by Corley (6) and by Cori and Cori (7) who reported no 
increase of blood glucose after intravenous or intestinal adminis- 
tration of galactose. Conflicting results have been recorded by 
others (8-11), so this point seemed worthy of reinvestigation. 


* The data in this paper have been taken from a thesis presented by Mr. 
Wharton to the Graduate School of the University of Texas in partial ful- 
filment of the requirements for the degree of Master of Arts. 
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696 Galactose in Thoracic Lymph of Dog 


Methods 


Dogs were used as experimental animals. 18 to 24 hours before 
the beginning of the experiment they were fed about a half pound 
of ground meat and a pint of whole milk. After the animal had 
been anesthetized by intraperitoneal injection of sodium amytal, 
the thoracic duct was exposed and a cannula introduced and one 
of the femoral veins laid bare. A blood sample was taken from 
the femoral vein and lymph collection was begun. The abdomen 
was opened and, after a normal lymph sample had been collected, 
a solution of galactose was injected into the duodenum. In 
making the injection the needle was pointed towards the pylorus 
in the first two animals, Dogs 25 and 26, but in the remaining 
experiments care was taken to direct the needle away from the 
pylorus. The syringe and needle were carefully removed and 
washed and the washings analyzed for galactose and this figure 
applied as a correction in determining the exact amount of sugar 
injected. 

Blood and lymph were taken at definite intervals following the 
introduction of the sugar and were analyzed for total reducing 
sugar and for non-fermentable sugar by Somogyi’s modification 
of the Shaffer-Hartmann method (12). The reducing value of 
galactose was found to be 70 per cent of the true value for Som- 
ogyi’s Reagent 2 when tested with galactose solutions. The 
figures obtained with this reagent were multiplied, therefore, by 
the factor 1.43 to calculate the galactose content. A determina- 
tion of thenon-fermentable reducing substances ordinarily present 
in lymph was made with the Folin-Wu method of precipitation. 
Table I gives the results. Since the Somogyi precipitation 
satisfactorily eliminates this fraction, it was used throughout the 
experiments. 

In addition to the femoral blood, a sample of mesenteric blood 
was taken just before terminating the experiment. It was taken 
at this time to avoid interrupting the normal circulation by manip- 
ulation and bleeding. At the end of the experiment, the animal 
was killed by injecting amytal directly into the heart. The 
alimentary tract was immediately removed and the galactose in 
the contents determined. In this way it was possible to deter- 
mine the amount of galactose in the blood and lymph while 
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measuring the amount and rate of absorption of this sugar from 


the alimentary tract. 


Determined on Folin-Wu Filtrates 
The reducing substances are measured in mg. per cent. 


TaBLE I 
Non-Fermentable Reducing Substances in Blood and Thoracic Lymph 


The results are given in Tables I to III. 





























Blood Lymph 
Reducing substances as Reducing substances as 
glucose glucose 

Nee oe Non-fer Fer- New Non-fer- Fer- 
Total [oes ment Total il ment- 
1 Heart 89.0) 11.2 77.8) 5 103.0} 11.0 92.0 
- 90.0} 11.7 78.3 105.0} 11.0 94.0 
= 85.5) 9.0 76.5 151.0} 12.0 | 139.4 
” 87.0) 10.0 77.0 100.0} 12.0 88.0 
- 88.5) 11.0 77.5 112.0} 12.0 | 100.0 
” 85.0} 9.0 76.0) 6 117.0} 7.5 | 109.5 
2 sg 91.5) 10.0 81.5 117.0} 8.0 | 109.0 
™ 90.0} 8.0 82.0 115.0) 7.5 | 107.5 
- 90.0) 8.5 81.5 115.0} 7.5 | 107.5 
o 90.0) 8.5 81.5 123.0} 7.5 | 115.5 
3 Mesenteric vein | 98.0) 11.8 86.2 123.0} 10.5 | 111.5 
Carotid artery 113.5} 11.8 | 101.7 123.0) 10.0 | 113.0 
os oa 114.0} 12.5 | 101.5 120.0} 10.0 | 110.0 
Mesenteric vein | 98.0] 11.8 86.2) 7 106.0} 5.0 | 101.0 
4 ” - 111.5} 11.0 | 100.5 106.0} 7.0 99.0 
. ? 111.5) 10.0 | 101.5 118.0} 9.0 | 109.0 
118.0} 8.0 | 110.0 
103.5} 7.5 96.0 
112.0} 10.0 | 102.0 

OE Re re 10.3 9.1 





























Results 


All sugar determinations were run in duplicate with Somogyi Reagent 2. 


The results in Table II indicate clearly that galactose appears 
in the blood and thoracic lymph following the absorption of this 
sugar from the alimentary tract. 
relationship between the rate of absorption of the sugar and the 


It is also evident that there is a 
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extent to which galactose appears in the blood and lymph. In 
the two cases in which absorption was very slow, Dogs 25 and 
26, galactose did not appear in the lymph or femoral blood in 
sufficient quantity to be detected by the analytical methods 
used. Mesenteric blood samples from these same dogs did show 
small but definite amounts of galactose. It will be recalled that 
in these two animals the injection of galactose was made with 
the needle directed towards the pylorus and very little absorption 


TaBLeE II 
Galactose in Thoracic Lymph and in Blood 


























Galactose ab- Maximum concentration of 
Rate of | Absorp- | sorbed by galactose Gales 
Dog No. —— oe of avete veal : . | in urine* 
sminetoe* | sotal abeorbed | “pmoms! |Mesenteric] Thorac 
cc. per |gm. per kg. mg. per mg. per lo 
min per hr. cent cent cent 
25t 0.44 0.29 0.00 0.00 | 10.7 0.0 - 
26t 0.21 0.16 0.00 0.00 | 14.3 0.0 ~ 
27 0.48 0.46 0.35 82.0 45.6 124.0 + 
28 0.38 0.40 0.09 32.1 21.4 42.0 + 
29 0.24 0.35 0.08 25.0 30.0 35.7 + 
30 0.38 0.37 0.19 54.2 77.0 91.5 + 
31 0.42 0.52 0.27 78.5 65.7 143.0 + 
32 0.57 0.56 0.49 107.8 | 111.3 175.0 + 
33t 0.45 0.39 72.0 0.0 127.0 + 
34t 0.20 0.13 62.8 0.0 104.3 











* Benedict’s qualitative test for reducing sugar was performed on blad- 
der urine at autopsy. 

t Galactose injection made with the needle pointing towards the pylorus. 

t The experiment was continued so long that calculation for absorption 
in gm. per kilo per hour was meaningless. 


occurred. In the eight remaining dogs, galactose was found to 
appear in the blood, in the lymph, and in the urine. The quan- 
tity of galactose absorbed by way of the thoracic duct was found 
to be only a small part of the total absorbed. This is not surpris- 
ing since the rate of flow of blood is so much greater than that of 
lymph. The figures in Table II show that the per cent of galac- 
tose absorbed through the thoracic duct increases with a greater 
flow of lymph. 
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Table III shows the effect of the galactose injection on the sugar 
content of blood and lymph. In all cases no galactose was found 
present in the preliminary blood sample, but in two, Dogs 33 
and 34, small amounts of non-fermentable sugar were found 
present in the first lymph sample. In six of the nine animals an 
increase in blood glucose took place an hour after the injection, 
varying from 2.5 to 64.5 mg. One dog, No. 27, showed little 
change and two showed a decrease of 3.5 and 10.5 mg., respec- 
tively. In seven experiments there was an increase of glucose in 
the thoracic lymph, and in two there was a decrease. The general 


TaBLe III 
Effect of Galactose Injections on Sugar Level in Blood and Lymph 
The values are given in mg. per cent. 


Blood s 1 hr. Lymph s 1 br.| Change in glucose 
Blood glu- after galactose | Lymph /  oiier galactose level’ 








ons Galac- eiving Galac- | Femoral | Thoraci 
‘emora ic 
Glucose | “tose galactose | Glucose | “to blood lymph 





78.0 91.5 0.0; 119.0 | 129.0 0.0 | +13.5 | +10.0 
69.0 82.0 0.0; 102.5 | 117.0 0.0 | +13.0 | +14.5 
107.0 | 108.0} 82.0; 120.0 | 142.0 | 108.5} +1.0 | +22.0 
71.0 | 104.5 | 32.1 | 102.5 | 143.0 | 35.7 | +37.0 | +40.5 
91.5 94.0} 25.0) 126.0 | 131.0) 35.7) +2.5| +5.0 
91.5 87.0} 54.2| 126.0 | 129.0] 75.7) -—3.5 | +14.0 
87.0 89.5 | 107.8 98.0 66.0 | 154.0 | +2.5 | —32.0 
87.0 | 151.5] 50.5 | 126.0* | 185.0 | 117.0 | +64.5 | +59.0 
102.5 92.0 | 44.0 | 130.0f | 105.0 | 94.4) —10.5 | —25.0 


SHESEENEE | “y 





























* 14.3 mg. of galactose were found. 
t 21.4 mg. of galactose were found. 


picture is an increase of glucose concentration after absorption 
of galactose. This might be explained as due to (a) a conversion 
of galactose to glucose or (b) a stimulus of glycogenolysis by 
galactose. 

Table IV gives the result of four control operations to test the 
effect of the anesthesia and the operation upon the level of blood 
glucose. In three of the four dogs there is a rise in blood glucose 
while in Dog 2 no effect can be noticed. Since amytal anesthesia 
and the operation without galactose injection produce a rise in 
blood glucose, with a variation in time of rise, in duration, and in 
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absolute amount, it is difficult to draw any definite conclusions 
about the effect of galactose on the glucose level of the blood. 


SUMMARY 


In dogs under amytal anesthesia, galactose appears in the 
blood and thoracic lymph when this sugar is absorbed from the 
intestine at a sufficiently rapid rate. The maximum concen- 
tration of galactose in the blood and lymph are directly related 
to the rate of absorption of this sugar. The galactose absorbed 
from the intestine by way of the thoracic duct is a very small per 
cent (less than 0.5 per cent) of the total galactose absorbed. The 
galactose absorbed through the thoracic duct in terms of per cent 
of the total sugar absorbed is greater with increased flow of lymph. 
During absorption of galactose the concentration of this sugar is 
greater in thoracic lymph than in femoral blood. The effect of 
galactose ingestion on the level of blood glucose varies widely in 
different animals. 


BIBLIOGRAPHY 


. Kozuka, K., Tohoku J. Exp. Med., 7, 392 (1926). 

. Hendrix, B. M., and Sweet, J. E., J. Biol. Chem., 32, 299 (1917). 

. Markowitz, C., and Mann, F. C., Am. J. Physiol., 96, 709 (1931). 

. Higgins, G. M., and Lemon, W. 8., Am. J. Med. Sc., 178, 536 (1929); 

184, 846 (1932). 

5. Higgins, G. M., and Graham, A. 8., Arch. Surg., 19, 453 (1929). 

6. Corley, R. C., J. Biol. Chem., 74, 1 (1927); 76, 31 (1928). 

7. Cori, C. F., and Cori, G. T., Proc. Soc. Exp. Biol. and Med., 25, 402, 
406 (1928). 

8. Blanco, J. G., J. Biol. Chem., 79, 667 (1928). 

9. Roe, J. H., and Schwartzman, A. S8., J. Biol. Chem., 96, 717 (1932). 

10. Harding, V. J., and van Nostrand, F. H., J. Biol. Chem., 85, 765 (1929- 
30). ‘aes 

1l. Harding, V. G., and Grant, G. A., J. Biol. Chem., 99, 629 (1932-33). 

12. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, 

Methods, Baltimore, 479 (1932). 


OD 





















PROTEINS OF YEAST (SACCHAROMYCES CEREVISL)* 


“By FRANK A. CSONKA 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


(Received for publication, January 8, 1935) 


In the biological analysis of proteins yeast is commonly added 
to the diet in order to supply certain vitamins. Yeast protein is a 
good source of some of the nutritionally essential amino acids, 
and its addition to the experimental diet may in certain cases 
introduce errors by supplying amino acids in which the protein 
studied may be deficient. The magnitude of the error caused by 
the addition of yeast to the experimental diet could be estimated 
from the amino acid composition of the yeast proteins, but in- 
formation on this point is very meager. 

It is assumed that the protein in the yeast cell is present in 
conjugation with nucleic acid. At least, no one has obtained a 
preparation other than nucleoprotein or a derivative thereof. 
The proportion of nucleic acid to the protein varies widely in 
these preparations, judged from the amount of phosphorus found. 
In experimental diets whole yeast is generally added and not a 
yeast protein preparation. It has been found, however, that a 
direct acid hydrolysis of the whole yeast is not always suitable for 
amino acid determination. Cystine and histidine, for instance, 
were found for some reason not yet explained to be mostly de- 
composed. ' 

As a rule, investigators in the past have used alkaline solvents 
in rather high concentration to extract the yeast protein, which 
undoubtedly changed the physical behavior and chemical com- 
position of their preparations. Dreyer (1) used a 10 per cent 
ammonium carbonate solution and extracted 65.7 per cent of the 


* The material in this paper was presented before the Twenty-seventh 
and Twenty-eighth meetings of the American Society of Biological Chem- 
ists (J. Biol. Chem., 100, xxxiii (1933) ; 106, xix (1934)). 
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total yeast nitrogen. He claimed that there are two proteins in 
the yeast, an albumin and a globulin, but he did not consider them 
as nucleoproteins, which was undoubtedly the case. Thomas (2) 
separated two preparations by partial autolysis, a paranucleo- 
protein, slightly soluble in 10 per cent sodium chloride solution 
and non-coagulable by heat, and an albumiy coagulable in water 
at 40°. He analyzed these preparations for their nitrogen dis- 
tribution according to Hausman’s method and determined the 
basic amino acids by the method of Kossel and Kutscher. Meis- 
senheimer (3) determined the amino acid content of an autolyzed 
yeast digest, from which he calculated approximately the amino 
acid composition of the yeast protein. 

Both water and 10 per cent sodium chloride solution extract 
surprisingly small quantities of nitrogenous material from the 
untreated yeast cell; even a 0.2 per cent aqueous sodium hydroxide 
solution removes only about half the total nitrogen. By sub- 
jecting yeast cells to the action of ether prior to extraction with 
protein solvents Buchner and Gruber (4) in 1899 were enabled to 
remove a considerable part of the yeast protein. Later (1902), 
Schréder (5) by employing the same method prepared the water- 
soluble and heat-coagulable yeast protein, and determined its 
basic amino acid content. He also showed the presence of cystine, 
leucine, tyrosine, and phenylalanine. Recently, Chibnall and 
his associates (6) in their extensive work on the proteins of green 
leaves and grasses have developed and very successfully applied the 
use of ether in the plasmolysis of leaves for the separation of 
proteins. 

In the work described in this paper ether treatment of the yeast 
previous to extraction by solvents was applied. The time of 
ether and yeast contact was varied in order to show the effect of 
the ether treatment on the distribution of nitrogen as extracted 
by different solvents. 

The action of ether is 2-fold: first, it kills the yeast cell; and 
secondly, by removing lipid substances it makes the cell wall more 
permeable to the solvents used. The experiments were carried 
out at low temperatures (6-8°) ; however, autolytic and enzymatic 
activities were not prevented. The increase of the coagulable 
protein to a maximum after which less protein was obtained as the 
time of ether contact with the yeast cell was increased serves as an 
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indication that such reactions were taking place within the dead 
yeast cell. The protein preparations obtained are not to be con- 
sidered as representing components of the living yeast cell, but 
are undoubtedly secondary products. This conclusion is reached 
from the nature of the results demonstrated in the experimental 
part. 
Van Slyke’s nitrogen distribution method is not applicable to 
the yeast nucleoprotein preparations because of the presence of 
purine and probably pyrimidine bases. Although the purines are 
unstable during acid hydrolysis at the acid concentration and 
time duration stipulated by Van Slyke, they are not decomposed 
completely. The presence of the bases interferes with the nitrogen 
distribution in practically every phase of the Van Slyke method. 
The dibasic amino acids were determined quantitatively, therefore, 
in the yeast protein preparations as well as in the whole yeast 
hydrolysate by the Vickery and Block (7) method as described 
in the experimental part. The cystine, tryptophane, histidine, 
and lysine content of the yeast protein places it in a favorable 
position among those considered of good quality. The amino 
acid composition of brewers’ and bakers’ yeast proteins is very 
similar. 


EXPERIMENTAL 


Effect of Ether on Living Yeast Cell—The bakers’ and brewers’ 
yeasts used in this investigation were prepared by two commercial 
concerns without the addition of fillers and washed free from 
nutrients. The time factor in the ether treatment of the yeast 
cell was established on both yeast preparations as follows: 10 to 
12 gm. of the yeast press-cake were weighed into a 100 cc. centri- 
fuge flask, and 30 to 40 ce. of ether were added to cover the yeast. 
The liquefaction of the yeast, hastened by occasional stirring, 
takes place within a few minutes. The ether was poured off after 
the required time interval, and four extractions, each lasting from 
? to 1 hour, were carried out on the residue with each solvent. 
The extracts were separated from the solids by centrifugation, 
syphoned off, and combined in a measuring cylinder, extracts of 
different solvents being kept separate. After the final extraction, 
the yeast residue was transferred to a Kjeldahl flask for the deter- 
mination of unextracted nitrogen. All the samples and extracts 
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were kept at refrigeration temperatures of 6-8°. Nitrogen was 
determined in duplicate by the Kjeldahl method, aliquots from 
the extracts of each solvent being used (Table I). 

As the time of the ether treatment increases, the unextracted 
nitrogen gradually diminishes, showing the source of extractable 
nitrogen. The water-soluble nitrogen increases with the time, 
while the salt-soluble nitrogen reaches a maximum and diminishes 
considerably toward the end of the experimental period. This 
behavior points to a continuous autolytic activity converting the 
original nucleoprotein of the yeast cell into the products here 


Taste I 


Extraction of Nitrogenous Substances by Different Solvents in Percentages 
of Total Nitrogen of Ether-Treated Yeast 














Bthe a pana * cent 0 2 ber ane Heat-coagulable N in 
of yeast | ©tract | extract = tracted N A. 4 —_. 
hrs. per cent | per cent per cent per cent per cent per cent 
Bakers’ Control 1.4 1.2 47.2 52.1 
yeast 0.16 17.8 15.9 34.5 32.8 | Trace 2.7 
1.0 19.5 21.0 27.5 34.0 i 3.5 
2.5 20.0 23.8 25.8 32.9 3.9 
18.0 30.1 25.8 33.4 13.4 9.9 8.3 
42.0 36.7 17.0 37.6 9.0 5.6 7.6 
Brewers’ Control 1.8 2.1 64.4 33.3 
yeast 0.16 25.3 34.3 18.3 21.2 
4.0 26.7 27.4 26.4 18.6 
18.0 40.7 19.1 31.8 10.0 
48.0 45.8 13.8 34.6 6.1 


























separated. The higher the phosphorus content of the protein 
preparation, the more extensive was the proteolytic cleavage. 
The water-soluble protein preparation with the lowest phosphorus 
content should, therefore, represent in its amino acid composition 
the one nearest to that of the original yeast nucleoprotein. 

“east Protein Preparations—The period of ether contact with 
the yeast which formed the largest amounts of coagulable protein 
was 18 to 20 hours. 500 gm. of yeast press-cake material were 
covered with ether, placed in a refrigerator for 18 hours, and 
occasionally stirred. After that the ether was syphoned off, and 
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1 liter of HxO was added. The mixture was stirred vigorously 
and centrifuged. The water extraction was repeated twice. 
Each time approximately 1 liter of HzO was added, and 1 hour was 
allowed for each extraction. The combined water extracts, 
amounting to approximately 2.5 liters, were acidified with 2 cc. 
of acetic acid and heated in a water bath. The water-soluble 
yeast protein coagulates at 47-48°, but to assure complete pre- 
cipitation the temperature was brought to 60°. After cooling, 
the protein coagulum was separated by centrifugation. The 
precipitate was washed with distilled water and dehydrated in the 
usual way with alcohol followed by ether. The water-soluble 
yeast protein is also precipitable by ammonium sulfate at 65 
per cent saturation. 

The residue from the three water extractions was used for the 
preparation of the salt-soluble protein. The procedure was 
similar to that given above except that 10 per cent sodium chloride 
solution was used instead of water. The salt-soluble protein 
may be separated by heat coagulation (48-50°), by the addition 
of ammonium sulfate up to 60 per cent saturation, or by acidifica- 
tion (pH 4.0) with acetic acid. Neither water dilution nor dialysis 
is applicable for the separation of the salt-soluble protein; the 
isoelectric point, pH 4.7, as determined by the method of Csonka, 
Murphy, and Jones (8), is a further indication that we are not 
dealing with a true globulin. 

The yeast residue from the water and salt extractions was finally 
extracted with 0.2 per cent aqueous sodium hydroxide, the same 
volume and time of extraction being used as in the case of the 
previous extractions. The combined alkali extracts were acidified 
to pH 4 by the addition of acetic acid. It is difficult to separate 
this precipitate by centrifugation because of the high viscosity 
of the extracts. The precipitate settles overnight, however, and 
the supernatant liquid can then be syphoned off and the pre- 
cipitate washed in acidified water. At this stage, especially if 
alcohol is added, the protein precipitate may be easily separated 
by centrifugation. The yield of these protein preparations is far 
from being quantitative and should be considered as minimal 
(Tables II and III). 

Several batches of yeast were worked up for protein preparations 
which were subjected to elementary analyses. Phosphorus was 
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determined volumetrically by the ammonium phosphomolybdate 
method after the protein material was ashed in the presence of 
magnesium nitrate and the residue dissolved in dilute nitric acid. 
Nitrogen was determined by the Kjeldahl and sulfur by the 
peroxide methods, Parr’s heat ignition bomb being used (9). 


TaBLe II 
Yields of Protein Preparations Obtained from Ether-Treated (18 Hours) 
Brewers’ Yeast and Calculated on 100 Gm. of Moisture-Free 
Yeast Containing 9.42 Gm. of Nitrogen 











. Protein N in 
; . : > Moist d 
Solvents used in successive extractions in order stated Rey mpd 4 per cont ot 
gm. per cent 
a Ep Re aR dl: Fa NR te I tate es 8.24 13.4 
SE Codes ap waiescdudvenethieenskivenesa 2.08 3.6 
I Rigs thd sins Lats bid pagans ose dbcewwes 5.38 9.5 
DE on Touche a4 ban. tagudds we wee sees cdtaiceod 15.7 26.5 











Taste III 


Elementary Composition of Yeast Proteins Expressed in Percentages of 
Moisture- and Ash-Free Yeast Proteins 





Bakers’ yeast Brewers’ yeast 





Nitro- | Phos- Nitro- | Phos- 
gen | phorus Sulfur gen | phorus Sulfur 





per cent|per cent|per cent|per cent|per cent|per cent 
Coagulum from water extract by 




















ee | ee pe 15.65) 0.968) 0.906) 15.29) 0.55 | 0.684 
Coagulum from salt extract by 

DO htinainetienvaniewheKwes 16.26 
Protein from salt extract by acid- 

PE ga kculdwtetdaditekiues 16.06} 0.29 | 0.790) 16.19) 0.33 | 0.733 
Protein from alkali extract by 

0 or ee eee 14.80} 2.83 | 0.500) 16.37] 3.39 | 0.510 





The method of Folin and Ciocalteu (10) was used for the tyrosine 
determination, that of Sullivan for cystine, and May and Rose’s 
method with slight modification for tryptophane, as given in a 
previous communication (11) (Tables IV and V). 

Vickery and Block’s (7) method was adopted with certain 
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changes for the determination of the basic amino acids. The 
changes simplified manipulations, required shorter time, permitted 
the use of smaller quantities of silver nitrate reagent and protein 
material, and included a colorimetric method for the determination 


TaBLe IV 


Amino Acids in Percentages of Moisture- and Ash-Free Yeast Proteins 






































Salt-soluble protein 
ble protein| _ Severmined by | Akal 
PYsulation | Heat | Acidifica- | Protein 
tion 
: per cent per cent per cent per cent 
Bakers’ yeast Cystine 0.44 0.82 0.87 0.69 
Tryptophane 2.66 3.18 2.96 1.79 
Tyrosine 4.79 3.96 4.44 3.11 
Brewers’ yeast | Cystine 0.49 0.61 0.31 
Tryptophane 2.67 2.49 1.68 
Tyrosine 4.11 3.85 3.93 
Arginine 3.50 2.82 
Histidine 1.38 Trace 
Lysine 4.50 4.53 
TaBLe V 
Diamino Acids in Yeast Proteins 
Thomas-Kolodziejska 
Schréder 
(water-soluble)| Paranucleopro-| a ipumi 
tein (salt-solu- | (water-soluble) 
per cent per cent per cent 
RS i nine bieda seeds 3.22 3.58 3.95 
. 3.82 
DE coxa cucheeestsaqeness ae 1.98 2.63 2.02 
2.36 
Rca s dacatoeauies cubs wie 8.68 4.09 7.14 
11.34 














of histidine based on the color test devised and published recently 
by Kapeller-Adler (12). 

For the analysis approximately 5 gm. of protein material (more 
or less depending on the dibasic acid percentage of the material) 


are hydrolyzed for 36 to 40 hours at boiling temperature in 10 
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parts of 7 N sulfuric acid. The hydrolysate is then transferred 
quantitatively into a liter beaker, and most of the sulfuric acid is 
removed by the addition of slightly less than the calculated quan- 
tity of barium hydroxide dissolved in hot water, leaving the liquid 
slightly acid to Congo red indicator. The barium sulfate is 
removed by centrifugation and washed with 200 to 300 cc. of hot 
distilled water until the washings are practically colorless. The 
filtrate and washings are concentrated in vacuo and then trans- 
ferred into a 500 cc. centrifuge bottle. The volume of liquid now 
should not be more than 100 cc. Concentrated silver nitrate 
solution is added until an excess of silver ion is present, as shown 
by the formation of a brown precipitate when saturated barium 
hydroxide solution is added to 1 drop of the clear supernatant 
liquid. Hot saturated barium hydroxide solution is added until 
pH 12 is reached, and the resulting mixture is cooled to room tem- 
perature and centrifuged. The precipitate contains the silver 
salts of histidine and arginine. The supernatant liquid, which 
should be slightly acidified with sulfuric acid, is set aside for 
lysine determine (Solution L). The silver precipitate in the 
centrifuge bottle containing both histidine and arginine is sus- 
pended in 80 to 100 cc. of distilled water, and concentrated sul- 
furic acid is added drop by drop until pH 3 to 4 is reached (blue 
to Congo red). It is stirred mechanically several times during a 
1 hour period. A moistened strip of Congo red paper is placed 
in the upper part of the centrifuge flask to serve as a control in the 
next step of separating the histidine silver. Warm saturated 
barium hydroxide solution is added until the liquid changes the 
color of the test paper to purplish red. From here on cold satu- 
rated barium hydroxide is added until pH 7.4 is reached;! then 
the resultant mixture is centrifuged and the supernatant liquid 
set aside for arginine determination. In order completely to 
separate the arginine from the histidine the procedure described 
above is repeated twice in the same manner with the exception 


1 This is ascertained by placing a drop of the clear filtrate on a spot plate 
and adding brom-thymol blue indicator until a bluish green color is pro- 
duced. Throwing down the silver precipitate by centrifugation greatly 
facilitates the settling of the subsequent precipitate formed by the addition 
of barium hydroxide solution; but the final test should be made after & 
thorough mixing. 
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that the precipitate is suspended each time in only about 50 cc. 
of water. The arginine-containing solutions are combined and 
designated Solution A. 

Determination of Histidine—The histidine silver is decomposed 
with hydrogen sulfide after the precipitate has been suspended in 
distilled water and acidified with sulfuric acid. The silver sulfide 
is separated by centrifugation and the precipitate is washed twice, 
being suspended each time in 50 cc. portions of warm water satu- 
rated with hydrogen sulfide. The combined filtrate and washings 
containing the histidine are concentrated in vacuo to a small 
volume. This solution is now transferred into a 100 cc. Pyrex 
centrifuge tube, made up to 25 cc., and 1.25 gm. of concentrated 
sulfuric acid are added. The histidine is precipitated by adding 
an aqueous solution containing 10 per cent mercuric sulfate and 
5 per cent by weight of sulfuric acid (Hopkins’ reagent). After 
it has stood overnight in the refrigerator, it is centrifuged and the 
supernatant liquid discarded. The mercuric salt is decomposed 
with hydrogen sulfide in a manner similar to that described above 
for the silver histidine. The combined filtrates and washings are 
concentrated in vacuo to a volume of 25 to 30 cc., transferred into a 
100 cc. Pyrex centrifuge tube, and brought to neutrality with 
saturated barium hydroxide solution. Copper carbonate is 
added in excess, and the tube is placed for $ hour in a boiling water 
bath, after which it is kept in the refrigerator overnight. It is 
then centrifuged, the supernatant liquid is poured off, and the 
precipitate is washed twice by suspending it in 5 cc. of cold water. 
The copper is removed with hydrogen sulfide from the combined 
liquids in the manner given for the removal of mercury or silver. 
The liquid is now concentrated in vacuo and made up to a volume 
of 75 or 100 ee. (Solution H). : 

The Kapeller-Adler (12) colorimetric test is employed for the 
histidine determination. 1 to 2 cc. of the purified histidine Solu- 
tion H are measured into a Pyrex test-tube, and 1 ce. of a standard 
histidine solution! into another tube. The bromine reagent is 
added drop by drop to both test-tubes which are shaken vigorously 
until the liquids show a light yellowish tint that should remain 
permanent for 10 minutes. Then add 2 ce. of the ammoniacal 
ammonium carbonate mixture to each and place the tubes in a 
boiling water bath for 5 minutes. Cool, and transfer both stand- 
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ard and unknown to 10 ce. measuring cylinders. Bring the 
standard up to 4 cc. volume with the ammoniacal ammonium 
carbonate reagent and the unknown to a volume between 4 to 8 
ec., which gives a reading within +2 mm. of that of the standard 
set at 20 mm. One preliminary determination is sufficient to 
make adjustment to fulfil these requirements. 

Objection may be raised to the application of this colorimetric 
method to the analysis of protein preparations which may contain 
purines. However, when this method was applied in the analysis 
of the whole yeast cell, as referred to later, a negative result for 
histidine was obtained, showing that purines were not a color- 
contributing factor as the method was applied in this investigation. 

Determination of Arginine—Solution A, which was immediately 
acidified with dilute sulfuric acid, is concentrated in vacuo, trans- 
ferred, and, if necessary, filtered into a 500 cc. centrifuge bottle. 
The volume, including washings, required to transfer the concen- 
trate should be not more than 50 cc. A test should also be made 
for the presence of excess silver ion and, if necessary, sufficient 
silver nitrate is added. The arginine silver is then precipitated 
by adding an equal volume of hot saturated barium hydroxide 
(and more, if necessary, to reach pH 12), centrifuged, and the 
supernatant liquid added to Solution L. The precipitate is sus- 
pended in 30 to 40 ce. of distilled water, the mixture acidified 
with sulfuric acid to pH 4, and the arginine silver is reprecipitated 
at pH 12 as given above. The arginine silver precipitate is now 
suspended in 50 cc. of cold saturated barium hydroxide solution 
and centrifuged. This one washing is generally enough to free 
it from nitric acid. The arginine silver precipitate is now de- 
composed with hydrogen sulfide according to the procedure de- 
scribed for the histidine. In an aliquot the nitrogen content is 
determined by the Kjeldahl method, and in the remaining portion 
most of the sulfuric acid is precipitated with barium hydroxide, 
leaving the solution faintly acid. The solution is then concen- 
trated to a small volume and the required amount of flavianic 
acid (nitrogen X 5.61) is added. When the solution is brought 
to boiling, the arginine monoflavianate is obtained as an orange 
precipitate. The precipitate, after standing overnight in a re- 
frigerator, is filtered off by suction and washed first with a few ce. 
of cold water, then with alcohol, then with ether, and finally dried 
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at 105°. The weight of the arginine monoflavianate multiplied 
by 0.3566 gives the amount of arginine in the aliquot used. 

Lysine Determination—Solution L combined with the washings 
is acidified with sulfuric acid and the silver removed by hydrogen 
sulfide. The clear liquid, including washings, is freed from mer- 
curic sulfate and barium and concentrated in vacuo to a volume 
of approximately 50 cc. Concentrated sodium hydroxide solution 
is added to a slightly alkaline reaction and then an equal volume 
of alcohol. The ammonia thus liberated is removed by distilla- 
tion in vacuo. The concentrate is now transferred to a 500 ce. 
Pyrex centrifuge tube and neutralized with sulfuric acid, and then 
enough concentrated sulfuric acid is added to make the final 
concentration 5 per cent by weight. The lysine is precipitated 
by the addition of an excess of phosphotungstic acid (100 per cent 
aqueous solution), and the precipitate is redissolved by heating 
it in a water bath. After standing in a refrigerator overnight, 
the lysine phosphotungstate precipitate is removed by centri- 
fugation and washed twice with 25 to 30 cc. of chilled 2.5 per cent 
phosphotungstic acid in 5 per cent sulfuric acid. It is then dis- 
solved in 50 per cent aqueous acetone solution and decomposed 
by an excess of warm saturated barium hydroxide solution at pH 
10. The barium phosphotungstate precipitate is washed twice 
with cold saturated barium hydroxide solution, and the combined 
liquids are freed from barium by the addition of sulfuric acid in 
slight excess. The nitrogen content is determined in an aliquot 
by the Kjeldahl method, and the remainder of the solution is con- 
centrated in the presence of barium carbonate (13) to a small 
volume. The precipitate is filtered off and washed. The com- 
bined liquids are concentrated to a sirupy consistency, preferably 
in vacuo, with a 100 cc. Claisen flask with a removable ground 
jointed bulb. Absolute alcohol is added to the sirupy residue until 
a slight turbidity is formed, which disappears after the addition 
of a few drops of water. At first only two-thirds of the required 
amount of picric acid (calculated by multiplying the nitrogen 
content of the aliquot used by 8.1) dissolved in hot absolute alcohol 
is added (13). The lysine picrate thus formed is allowed to stand 
in a refrigerator overnight and then centrifuged, the mother liquor 
being used to transfer the precipitate adhering to the Claisen flask 
quantitatively into the small centrifuge tube. The crude lysine 
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picrate is suspended in a mixture of 5 cc. of absolute alcohol and 
ether, and the washing is repeated twice. The remaining one- 
third of the calculated amount of picric acid is added to the 
mother liquor, and the precipitate, if any, treated as described 
above. Finally, both precipitates of the crude lysine picrates are 
combined and recrystallized from a small amount of water. After 
standing overnight at room temperature, the precipitate is filtered 
off, dried, and weighed. The solubility correction of 0.54 gm. 
per 100 ce. is added to the lysine picrate actually separated. 
Amino Acid Content of Whole Y east Cell—Cystine is a constituent 
of glutathione, which was shown by Hopkins (14) to be present 
in the yeast cell. For this reason it was of especial interest to 
ascertain the quantity of cystine in the whole yeast cell, since the 
amount present as part of the yeast protein molecule does not 
represent all the cystine. It was found, however, that the cystine 
is decomposed by acid hydrolysis of the yeast. Aliquots were 
taken, therefore, from the extracts obtained in the studies of ether 
effect on the brewers’ yeast (Table 1). The aliquots from the 
18 hour experiment were slightly acidified with sulfuric acid and 
evaporated to a volume of 20 cc. in a flask in which later the 
hydrolysis was accomplished, after sufficient sulfuric acid had been 
added to bring the acid concentration to 6 nN. A value of 03 
per cent for cystine was found as determined by Sullivan’s method 
as modified by the author (11). Bakers’ yeast treated similarly 
was found to contain 0.27 per cent cystine, calculated on moisture- 
free yeast.2 Arginine and lysine were determined by the method 
described above in a 50 gm. sample of brewers’ yeast press-cake 
after hydrolysis for 42 hours at boiling temperature with 100 ce. 
of 7 n sulfuric acid. 7 gm. of concentrated sulfuric acid had been 
added previously to take care of the moisture in the press-cake. 
The analysis, calculated on a moisture-free basis, showed that 
bakers’ and brewers’ yeasts contained 1.32 and 1.37 per cent of 
arginine and 2.15 and 2.61 per cent of lysine, respectively. Histi- 
dine was not found in the hydrolysate. This negative result 
may explain Schenk’s (16) erroneous statement that the yeast cell 
lacks histidine. An attempt to estimate the quantities of trypto- 
phane and tyrosine in the whole yeast, according to the methods 


? Prunty (15) found in two samples of dried brewers’ yeast, which he 
analyzed, 0.92 and 0.52 per cent cystine. 
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of May and Rose, and of Folin and Ciocalteu, respectively, was 
unsuccessful. 


SUMMARY 


Cystine, tryptophane, tyrosine, arginine, histidine, and lysine 
were determined quantitatively in protein preparations obtained 
from bakers’ yeast and from brewers’ yeast. It was found that 
cystine and histidine undergo a change when yeast is hydrolyzed 
byacid. Because of the high percentages of nutritionally essential 
amino acids in yeast proteins the supplementing effect of yeast 
when added to experimental diets should be taken into con- 
sideration. 
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In recent years a number of methods have been published for 
the determination of inorganic sulfate in small quantities of blood 
serum. Each of these methods utilizes the same preliminary tech- 
nique of precipitating the sulfate as benzidine sulfate by the 
addition of a solution of benzidine in acetone to a trichloroacetic 
acid filtrate of serum. It is only in the manipulation of the pre- 
cipitated benzidine sulfate for its final estimation that the several 
methods differ. Colorimetric procedures are employed by 
Yoshimatsu (1), Wakefield (2), Hubbard (3), and Cuthbertson 
and Tompsett (4). Cope (5) determines the sulfate by micro- 
titration with sodium hydroxide with the aid of a Rehberg micro- 
burette. Power and Wakefield (6) oxidize the benzidine sulfate 
with an excess of potassium dichromate and determine the excess 
of dichromate. The values obtained for inorganic sulfate con- 
centrations in normal serum in these various procedures differ 
widely from each other and from the values obtained by the earlier 
nephelometric method of Denis (7) (see Table I). 

After studying the factors influencing the precipitation of sul- 
fate as benzidine sulfate, the present authors have been led to the 
conclusion that the fundamental error of these methods is the 
assumption that pure benzidine sulfate can be quantitatively 
precipitated from serum filtrates in the manner described. Sul- 
fate is precipitable as benzidine sulfate in the presence of a large 
excess of benzidine ions. Its solubility is further diminished by 
the presence of acetone. A sufficiently high concentration of 
benzidine ions is possible only in the presence of a strong acid such 
as hydrochloric or trichloroacetic. If the acidity is too great, 
717 
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the sulfate precipitation is incomplete and may, in fact, in solutions 
of such minute concentrations as are found in blood filtrates, be 
prevented altogether. If, on the other hand, the acidity is not 
great enough, other ions are also precipitated, particularly phos- 
phate and chloride. If the acidity is that of the range of acetate 
buffers (pH of 4.5 or higher), free benzidine is also precipitated. 
The quantity of precipitated free benzidine may be so great as to 
diminish effectively the excess of benzidine ions required to pro- 
duce complete precipitation of the sulfate. 

When benzidine in acetone is added to a sulfate solution con- 
taining trichloroacetic acid, benzidine ions are formed which pre- 


Tasie I 


Concentration of Normal Serum Inorganic Sulfate As Determined by 
Various Investigators 








Author P — Method Reap 

mg. S per 
100 cc. serum 

Ee ee eee Barium Nephelometric | 0.5-1.0 
Kahn and Postmontier (8)....... vs Volumetric 1.0-3.0 
EE Rn encccdaniessuss Benzidine | Colorimetric 2.0-3.3 
Loeb and Benedict (9).......... Barium Gravimetric 0.7-1.6 
WIE Is bee cnscesecevecsen Benzidine | Colorimetric 0.2-0.9 
Cuthbertson and Tompsett (4)... “ 0.1-0.5 
Wakefield, Power, and Keith (10). 5 Oxidimetric 0.8-1.7 
SESS eee ee ae ” - 1.1-1.9 
Hoffman and Cardon............ - - 0.3-1.1 














cipitate the sulfate present; but in the presence of phosphate and 
chloride, some benzidine phosphate and chloride are included in 
the precipitate. When such a precipitation is effected in a tri- 
chloroacetic acid filtrate of serum, probably traces of many other 
substances are also present in the precipitate; for the precipitate 
formed is a discolored amorphous mass in no way resembling the 
discrete, satiny, white crystals of benzidine sulfate readily obtain- 
able by adding benzidine chloride in hydrochloric acid to a sulfate 
solution. This amorphous precipitate gives qualitative tests for 
both phosphate and chloride. The higher the concentration of 
phosphate in the serum, the greater is the contamination of the 
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designed centrifuge tube and a special technique for washing. 

For the estimation of the quantity of benzidine sulfate, it has 
been found convenient to adopt the permanganate oxidation 
method used by Kramer and Tisdall (13) for the determination of 
potassium. The amount of potassium permanganate required 
for complete oxidation of benzidine is determined empirically by 
running complete analyses_on solutions of sodium sulfate, the 
' concentrations of sulfate in which are of the order found in the 
blood filtrates (see Fig. 1). 


‘ions precipitate with benzidine phosphate. The extent of the error 
» be involved will vary with the type of estimation, depending upon 
not whether the benzidine portion is being analyzed as in colorimetric 
hos- or oxidimetric methods, or whether the acid portions are being 
tate determined, as in the usual volumetric procedure of titrating the 
ted, precipitate in boiling water with sodium hydroxide. Using the 
3 to latter method and working with large quantities of both synthetic 
ro- inorganic solutions and trichloroacetic acid filtrates from pooled 
serum, the authors were able to estimate the degree of error due 
on- to the contamination of benzidine sulfate with other substances. 
re- This error was found to be of the order of 35 per cent for inorganic 
solutions with small concentrations of phosphate and for normal 
serum, while for serum of patients with uremia, the error was 
sometimes as high as 300 per cent. 

To avoid these difficulties, the authors have developed a protein- 
of free, phosphate-free filtrate of serum, from which sulfate can be 
ee quantitatively precipitated with the usual benzidine chloride 
7 reagent and acetone. Such a filtrate is obtained by a modification 
) of the senior author’s method (12) of preparing a filtrate for serum 
7 total base determination. The precipitate of benzidine sulfate 
3 thus obtained is white, discrete, crystalline. In fact, its purity 
5 has made it difficult to wash it with acetone without loss, a diffi- 
culty which has been overcome only by utilization of a specially 
) 


Method 
Reagents 


1. Ferric chloride. 80 cc. of a stock solution of 10 per cent 
ferric chloride in 0.2 N HCl are diluted to a liter with distilled 
water. 
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2. Ammonium hydroxide-ammonium acetate solution. 2 gm. 
of ammonium acetate and 14.7 cc. of Nn NH,OH are made up toa 
liter with distilled water. 

3. Benzidine chloride solution. 4 gm. of benzidine of highest 
purity are added to 45 cc. of N HCl in a 250 cc. volumetric flask, 
diluted to about 150 cc. with distilled water, and agitated until 
dissolved. The solution is made up to the mark and filtered. 
A small portion of the solution is refiltered each time before using, 

4. Potassium permanganate 0.1 N. 

5. Potassium permanganate 0.02 n. 

6. Sodium oxalate 0.1 N. 

7. Sulfuric acid 4 N. 

8. Redistilled acetone. Acetone v.s.p. may be used if redis- 
tilled with a fractionating column. 

9. Acetone 90 per cent by volume. 


Procedure 


4 cc. of serum are measured into a Pyrex test-tube which has 
been marked for 18 cc., and treated with stirring with 2 cc. of 
ferric chloride reagent and 2 ec. of ammonium hydroxide-am- 
monium acetate reagent. The tube is placed in a boiling water 
bath for 2 minutes. At this point, a yellow coagulum is formed, 
containing all the serum protein and fat, all the phosphate as 
ferric phosphate, and all the excess iron as basic ferric acetate. 
A clear interstitial fluid containing only a trace of pigment can be 
seen through the coagulum. If, as sometimes happens when 
serum from patients with marked acidosis or with low serum protein 
is used, the proportion of reagents is not exactly correct, the inter- 
stitial fluid will not be clear. Under these circumstances, 1 drop 
of 5 per cent ammonium acetate solution should be added to the 
boiling mixture, at which addition the coagulation will invariably 
become complete. 

The test-tube is cooled to room temperature, and 90 per cent 
acetone is added to the 18 cc. mark. The material is then thor- 
oughly mixed with a stirring rod and filtered through an ashless 
filter paper into another test-tube. The first 2 or 3 cc. of the 
filtrate should be poured back for refiltration, but the filtration 
of 10 cc. should be made in a minimum time so as to make con- 
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stant the error due to evaporation of the water-acetone mixture. 
The filtrate should be water-clear. 

10 cc. of the filtrate are pipetted into a specially designed 15 ce. 
conical centrifuge tube. This tube has been pulled out at the 
conical end to a parallel-sided capillary tube, 5 mm. long and not 
more than 2.5 mm. in diameter. Only such a tube was found 
practicable for washing the small quantity of discrete crystals of 
benzidine sulfate without loss. To the filtrate are added 1 ce. 
of 90 per cent acetone and then, drop by drop, 1 cc. of the benzidine 
chloride reagent. The mixture is then stirred with a fine glass 
rod tipped with platinum wire. The stirring rod is washed off 
with 90 per cent acetone. The tube and its contents are placed 
in a refrigerator for an hour. The material is then centrifuged 
for 15 minutes at about 2000 r.p.m. The supernatant fluid is 
removed by inverting the tube and allowing it to drain for about 
2 minutes. So long as the capillary end of the tube remains filled 
with fluid, the precipitated benzidine sulfate will not be lost. 
The precipitate is washed with about 1-cc. of 90 per cent acetone 
with the aid of the platinum-tipped stirring rod, and the tube is 
again centrifuged. Two more washings are made, this time 
with 100 per cent acetone, about 4 cc. being used each time. 
The centrifugations of the washings need not be continued for 
more than 5 minutes. 

After the third washing, the precipitate is stirred up with about 
2 cc. of water and the tube is then placed in a boiling water bath 
for at least 20 minutes to remove the last traces of acetone. At 
no time in the manipulation of the precipitate should it be allowed 
to become dry; for drying promotes clumping of the crystals, 
which makes them difficult later to dissolve and be oxidized. 
To the watery suspension’are added exactly 1 cc. of 0.1 N per- 
manganate and 1 ce. of 4 N sulfuric acid. The mixture is kept 
in the boiling water bath for 2 minutes with constant stirring with 
the platinum-tipped stirring rod. The excess permanganate is 
now reduced by adding exactly 1 cc. of 0.1 N sodium oxalate with 
constant stirring until all particles of MnO, are dissolved, leaving 
a colorless solution. The excess oxalate is now titrated hot with 
0.02 N permanganate in a microburette until the first appearance 
of pink. 

A blank determination should be made on the reagents used. 
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Since the sodium oxalate remains quite stable, whereas the potas- 
sium permanganate solutions, even though prepared with the 
usual precautions, alter slightly with time, the relative constancy 
of the value of the blank can be used as a check on the 0.1 nN 
permanganate. Only the 0.02 n permanganate need be frequently 
standardized against the oxalate. 

The amount of permanganate required to oxidize the benzidine 
equivalent of 0.01 mg. of S was found to be 0.68 cc. of 0.02 n 
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Fig. 1. The amounts of KMn0O, required for the oxidation of varying 
amounts of benzidine sulfate, as determined empirically. The straight 
line, 0.68 cc. of 0.02 Nn KMnO, = 0.01 mg. of S, represents the average values 
obtained for quantities of benzidine sulfate between 0.02 and 0.04 mg. of 8 
per 100 cc. 


KMnOQ, (see Fig. 1). This value should be determined em- 
pirically by carrying out a series of analyses in the above manner 
on inorganic sulfate solutions, containing from 0.01 to 0.04 mg. 
of S in 10 cc. of 60 per cent acetone. In this way, the personal 
errors of the determination are minimized. Fig. 1 shows that 
sulfate determinations by this method are likely to be inaccurate 
if the amount of sulfate determined in the 10 ce. of filtrate is 
much less than 0.02 mg. of 8. 

















W. 8. Hoffman and R. Cardon 723 

There is a constant positive error in the determination which 
makes the values obtained 3 per cent too high on an average. 
This error is caused by three factors: the shrinkage of volume 
when the serum with its precipitate is mixed with acetone, the 
volume occupied by the precipitated protein, and the evaporation 
of water-acetone solution during filtration. The value of this 
error was determined by analyzing the filtrates for total base 
and comparing the values with those obtained by the senior 
author’s method for serum total base. 

The calculation of the serum inorganic sulfate concentration is 
best illustrated by the following example. The final titration of 
0.02 n KMnQ, was 1.26. The blank was 0.06 cc. 4 cc. of serum 
were used, and a filtrate representing 10/18 of this was analyzed 
for sulfate. The permanganate equivalent for 0.01 mg. of S 
was 0.68 cc. The error of the determination was 3 per cent. 

1.26 — 0.06 18 97 


0.01 eames = <_< = 0. ° . 
01 X 0.68 X 20 * joo * 10 0.77 mg. S per 100 ce 


or 


(1.26 — 0.06) X 0.642 = 0.77 mg. S per 100 cc. 


Comment on the Method—The quantity of serum and the extent 
of the dilution to form the protein-free, phosphate-free filtrate 
have been adjusted to give a filtrate containing about 0.02 mg. of 
Sper 10 cc. Such an adjustment permits accurate determinations 
with a quantity of filtrate that can conveniently be handled in a 
small centrifuge tube. For normal serum, 4 cc. of serum must 
be used. However, in analyzing the serum of uremia patients, 
which contains from 10 to 16 times as much inorganic sulfate 
as normal serum, the quantity of serum or filtrate must be chosen 
to provide not more than 0.04 mg. of S for analysis. More than 
this amount will give too bulky a precipitate of benzidine sulfate 
for convenient handling. The authors found it convenient in 
these cases to use 4 cc. of serum as for the normal, but to take 
only 2 or 3 ec. of filtrate for analysis, diluting to 10 cc. with 60 
per cent acetone. 

The addition of acetone directly to the serum containing the 
coagulated protein combines in one stroke the proper dilution of 
the serum and the addition of acetone for the precipitation of 











724 Serum Inorganic Sulfate Determination 


sulfate. It also serves to remove any trace of unprecipitated 
protein from solution. It has one distinct disadvantage; that 
is, it redissolves some lipid material which may be precipitated 
along with the benzidine sulfate where the benzidine chloride 
reagent is added. Even though the lipid substances are later 
redissolved during the washings with acetone, their presence 
causes trouble by making the crystals of benzidine sulfate adhere 
to the stirring rod. It is to avoid this precipitation of lipid that 
1 cc. of 90 per cent acetone is added to the filtrate before the 
addition of benzidine chloride. 

The first washing is done with 90 per cent acetone instead of 
pure acetone to avoid the precipitation of benzidine chloride, 


TaBie II 
Comparison of Values Obtained for Serum Inorganic Sulfate by Aut} ors’ 
Method with Those by Macrovolumetric Analysis of Large Quantities 
of Pooled Serum from Uremia Patients 








Sample No. Volumetric method Authors’ method 
mg. S per 100 cc. serum mg. S per 100 cc. serum 
1 9.45 9.10 
9.25 
2 6.78 6.62 
6.50 
3 7.60 7.62 
7.30 











which is insoluble in 100 per cent acetone. After the first wash- 
ing, there is so little benzidine chloride present in the centrifuge 
tube that further washing can be carried out safely with 100 
per cent acetone. 

The accuracy of the method as applied to serum was tested in 
two ways. First, benzidine sulfate, precipitated by the above 
method in large quantities of filtrate from pooled serum of uremic 
patients, was analyzed by the usual volumetric method by titration 
with 0.02 n NaOH in boiling water, and the results obtained were 
compared with those obtained by permanganate oxidation. Sec- 
ondly, known quantities of sulfate were added to serum and their 
quantitative recovery determined by the above method. Tables 
II and III show the results of these experiments. 
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Inorganic Sulfate Concentration in Normal Serum 


The concentration of serum inorganic sulfate was determined 
in forty-two normal men and women ranging in age from 21 to 47 
years. The average concentration was 0.77 mg. per 100 cc. of 


Taste III 


Recovery of Inorganic Sulfate Added to Serum 
The results are expressed in mg. of S per 100 cc. of serum. 
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Total sulfate 
Sample No. Inorganic sulfate | Added sulfate 

Calculated Found 
1 0.60 1.84 2.44 2.24 
2 0.60 3.68 4.28 4.11 
3 0.78 1.84 2.62 2.82 
4 0.90 3.68 4.58 4.31 
5 1.05 1.30 2.35 2.45 




















358 96 54 62 70 78 86 34 108 10 18 


Fig. 2. Frequency chart of individual serum inorganic sulfate concentra- 7 
tions in forty-two normal persons. The mean = 0.77 mg. of 8 per 100 cc. 


of serum; standard deviation +0.16 mg. per 100 cc. 


serum, with a standard deviation of +0.16 mg. The minimum 
value was 0.34 and the maximum 1.09 mg. of S per 100 ce. 
distribution of the values when charted in a frequency chart if 
(Fig. 2) shows a fair approximation to a probability curve. 
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values have a broad distribution similar to that found for urea 
(14), which is what might be expected, since, like urea, sulfate is a 
metabolic waste product. The average value for serum inorganic 
sulfate concentration by this method is somewhat lower than that 
given by Power and Wakefield and other recent investigators 
(see Table I), but the differences are very much greater in serum 
of patients with Bright’s disease, a study of which is being pub- 
lished separately. It will be noted that, while the values obtained 
by the present method are lower than those obtained by using a 
trichloroacetic acid filtrate, they agree essentially with the values 
originally obtained by Denis, who used a difficult nephelometric 
determination of a suspension of barium sulfate. 


SUMMARY 


Previous methods for the determination of serum inorganic 
sulfate which depend upon the precipitation of benzidine sulfate 
by the addition of benzidine in acetone to a trichloroacetic acid 
filtrate of serum give erroneous results. The values obtained 
are from 35 to 300 per cent too high, because of the inclusion of 
other substances with the benzidine sulfate precipitate. 

A new method for serum inorganic sulfate is described which 
avoids these errors by using a specially prepared phosphate-free, 
protein-free filtrate from serum, in which sulfate can be precipi- 
tated by using the ordinary benzidine chloride solution in hydro- 
chloric acid. 

The serum inorganic sulfate concentration has been determined 
by this method in forty-two normal persons. The average value 
was 0.77 mg. of S per 100 cc., with a standard deviation 
of +0.16 mg. 

These values are lower than those obtained by recent investi- 
gators, but agree essentially with those originally obtained by 
Denis. 
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SOME OBSERVATIONS ON THE PHYSIOLOGICAL AD- 
JUSTMENT OF THE ALBINO RAT TO A DIET POOR 
IN SALTS WHEN EDESTIN IS THE SOURCE OF 
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(From the Nutrition Laboratory of the Foods and Nutrition Department, 
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(Received for publication, March 4, 1935) 


In a previous investigation, certain phases of the adjustment of 
the albino rat to a complete withdrawal of the inorganic constit- 
uents of the diet were reported (Swanson and Smith, 1932). 
Comparative studies of blood pictures of rats grown on salt-free 
and adequate rations, respectively, have shown that the defective 
diet induced marked changes in the blood stream when casein 
served as the source of dietary protein. When fed this ration, the 
animals developed definite polycythemia. During the 3 months 
of observation, the normal increment in the number of erythro- 
cytes was 2 million, whereas an increase of 4.5 million occurred in 
the rats whose food salts had been strictly limited. The red cells 
became very small in size and the concentration of hemoglobin was 
reduced. It was also proved that alterations in blood volume 
were not responsible for the increased erythrocytic concentration. 

Inasmuch as casein is a conjugated protein containing phos- 
phorus as an integral part of its molecule, it was realized that an 
abnormally high ratio of phosphorus to other ash constituents 
characterized the small inorganic residue of the basal ration. 
In an effort to formulate a diet containing a minimal amount of 
salts without any one element present in preponderance, the casein 
of the ration was replaced by the simple protein, the globulin 
edestin. By this substitution, the total ash content of the diet 


*A preliminary report was presented before the meeting of the American 
Physiological Society at Philadelphia, April, 1932. 
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was reduced from 0.50 to 0.27 per cent. Feeding trials with a 
limited number of animals indicated that the rat did not react 
to the low salt edestin diet as it had to the ration containing the 
protein, casein. The present investigation was, therefore, planned 
to study in detail the specific physiological adaptations induced in 
the rat by the administration of two low salt diets containing casein 
and edestin, respectively, as the sole source of protein. 


EXPERIMENTAL 


The experiment was divided into two parts. The first dealt 
with the effect of feeding the two low ash diets on blood constit- 
uents of mature rats, the age and size of those described by Swan- 
son and Smith (1932, a), as contrasted with the blood pictures 
characteristic of the control groups of rats grown on the same diets, 
each fortified by an adequate salt mixture. 

The erythrocytes were enumerated and the red cell volume, the 
concentration of hemoglobin, and the per cent of reticulocytes 
determined at the end of the experimental period. 

The second part of the investigation dealt with measurements 
of the average intake of water and the average output of urine. 
In the experiments relating to the condition of the blood, it was 
noted that the low salt edestin diet seemed to exert a specific 
diuretic effect. A carefully controlled experiment was, therefore, 
planned to determine whether the water metabolism of the rat 
was definitely influenced by the consumption of food containing 
minimal amounts of the essential dietary salts. 

Blood Studies—Forty male rats of Wistar strain, inbred by 
brother and sister matings for 55 generations, were used for obser- 
vation. They were 37 days old when the feeding of the experi- 
mental diets was inaugurated, had an average weight of 104 gm., 
and were maintained upon the various test régimes for a period of 
90 days. The rats were distributed as uniformly as possible into 
four groups. Group I received a diet poor in salts designated as 
Diet 5, in which edestin was the protein; Group II, the same diet 
but with casein substituted for the edestin (Diet 3); Group ITI, 
a control group, was given Diet 5 fortified by a salt mixture, sup- 
posedly quantitatively and qualitatively adequate (Diet 6); and 
Group IV, the second control series, was fed a ration, designated 
as Diet 2, that consisted of Diet 3 supplemented by the same 
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salt mixture given to Group III. The composition of each diet 
fed to the animals during the test period is shown in Table I. 
Yeast that was used in the previous experiment when a polycy- 
themic condition in mature rats was first reported (Swanson and 
Smith, 1932, a) was still available for this study. Casein, with an 
ash residue of 1.9 per cent (Shaw, 1920), and extracts of vitamins 
B and E were prepared in the manner described in the original 
study. The edestin incorporated into the two diets formulated 
with this protein was of the highest purity Pfanstiehl grade.' 
Upon ashing by the calcium acetate method (Shaw, 1920), the 


TaBLeE | 
Composition of Experimental Diets 


























Experimental animals Controls 
Di ts 
a Group I, Group II, | Group III, | Group IV, 
fed Diet 5 | fed Diet3 | fed Diet 6 | fed Diet 
per cent per cent per cent per cent 
Low ash casein................ 18 18 
ee I tacwtans i5a%ene 18 18 
BE she SALA REID CA ae. 55 55 51 51 
Hydrogenated fat (Crisco)..,. 27 27 27 27 
ey MTG, Sicrcadges sein 4 4 
200 mg. dried yeast Daily adjuvants 
3 drops wheat germ oil for all groups 
1 cc. alcoholic extract of wheat germ equivalent to 
5 drops cod liver oil 30 mg. ash 





* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 557 (1919). 


low salt edestin diet had a residue of 0.27 per cent; the low salt 
casein ration, 0.50 per cent. 

The precautions necessary in the selection and care of the 
animals in this type of experiment were observed (Swanson and 
Smith, 1934). The methods employed for securing the sample of 
blood for the enumeration of the erythrocytes, and for the deter- 
mination of the volume occupied by the red cells have also been 
described elsewhere (Swanson and Smith, 1932, a). 


1 Purchased from the Arthur H. Thomas Company, Philadelphia. 
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The Biirker method? was used for the estimation of hemoglobin. 
The standard employed in the colorimetric comparison was a re- 
duced hemoglobin solution prepared by Dr. Biirker and hermeti- 
cally sealed in the standard cup of the Leitz-Biirker colorimeter. 
The definite concentration of hemoglobin in the standard had 
been determined by chemical and spectrographic tests. The color 
of the solution was stable; no change or fading occurred over a 
period of a year. Determinations by this method very closely 
checked those made by the acid hematin method (Cohen and 
Smith, 1919). : 

The percentage of reticulocytes was ascertained by the examina- 
tion of “permanent” blood smears prepared by the Cunningham 
(1920) technique. The stains were very carefully made, and 
attention was given to such details as the use of chemically clean 
apparatus, uniform coating of slides with brilliant cresyl blue, the 
use of unclotted samples, and the use of a droplet of blood of the 
proper size. Two smears were made from the blood of each rat; 
1000 cells were counted in each, with oil immersion magnification. 
In the final enumeration, the field-constricting disk described by 
Orten and Smith (1934, a) was used, thereby restricting the field 
to 5 to 10 cells. The blood of either five or six rats from each 
experimental group was studied for the proportion of reticulocytes. 
The animals chosen represented four litters, distributed equally 
over the four variations of the experiment. 

Measurement of Water Intake and Urinary Output—The number 
of animals in each group of this experiment varied from six to 
seventeen. The rats were housed individually in cages with wide 
meshed screen bottoms. The cage was suspended over a large 
glass funnel whose tip touched the bottom of a long stemmed 
Gooch funnel inserted by means of a stopper in a graduated 
cylinder containing a layer of mineral oil. The number of ce. 
of urine excreted were read directly at the same time every day, 
after which the apparatus was thoroughly cleaned. A perforated 
plate in the large funnel prevented fecal contamination of the 
urine. The cage was equipped with a glass fountain into which 
100 cc. of water were measured daily. At the end of each period, 
the quantity of water remaining was determined. 


2See directions for Leitz colorimeter, booklet E. No. 2363 (1928), Ernst 
Leitz Optica! Works. 




















Swanson, Timson, and Frazier 733 


Results 


Growth—The two groups of rats fed, respectively, the two 
deficient rations grew at a retarded rate for the first 30 days of the 
experimental period; thereafter, the average body weight of the 
two groups was held at 147 gm. (+14 gm.)* for the remaining 60 
days of the experiment. The average gain in body weight during 
the experimental period of 12 weeks was 43 gm. The correlation 
between inhibited growth and the severity of the polycythemia 
induced by the elimination of the ash constituents of the diet has 
been reported (Swanson and Smith, 1934). It is of importance to 
emphasize the fact here that the average growth curves of the two 
groups of rats fed the salt-poor diets were strikingly similar and 
that, therefore, differences observed in the blood pictures could 
not be ascribed to variance in the growth response. On the other 
hand, the average gain in weight of the rats fed the two adequate 
diets during the experimental period of 3 months was 114 gm. 
The rats fed the synthetic casein diet grew slightly better than did 
the rats given the adequate edestin food. 

Blood Pictures—In the present experiment there was used a 
different strain of animals than those employed in the earlier 
studies (Swanson and Smith, 1932, a). It is, therefore, of inter- 
est to note from Table II that the low ash casein diet again defi- 
nitely stimulated red cell formation to approximately the same 
degree that it did in the original investigation. However, it is 
remarkable that the mere substitution of casein by edestin so 
definitely reduced the erythropoietic qualities of the ration that 
the rat maintained a normal red cell concentration; 7.e., 9.5 million 
cells pere.mm. Almost an identical number of erythrocytes were 
present in the respective bloods of the rats fed the two control 
diets. The hematogenic effect of Diet 3 was, therefore, apparently 
induced by some sort of dietary unbalance brought about by the 
use of a salt-free casein unfortified by an adequate mineral mixture. 

From considerations other than the number of erythrocytes 
present, the blood of the rats given the low salt edestin ration was 
less affected by the defective dietary regimen than was that of the 
casein-fed animals. For instance, the salt-poor edestin diet did 
not produce as pronounced a regression in size of cells. Calcula- 


* Standard deviation. 
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tions for corpuscular volume (Wintrobe, 1929) show that the 
average size of the erythrocyte in these animals was 48 cubic 
microns, and those of the normal rat, 55 cubic microns; whereas 
the cells of the rats fed the low salt casein diet measured only 39 
cubic microns (Table II). The quantity of hemoglobin in the 
blood of the rats given the inadequate edestin diet was somewhat 
less than normal but the individual cells contained more hemo- 
globin than did the erythrocytes in the blood of the rats composing 


TaseE II 
Blood Pictures of Rats Fed Various Experimental Diets 





: hro- us- Corpus- 
: No. of| Erythrocytes | Reticu-|=ryt r- = Hb per Er! ¢ 
Ration ¢ c cu 
rats per c.mm, | locytes volume | volume 100 ce. Hb 








cu. gm. X 


million per cent) per cent |: ons gm, 10-12 |Per cent 


Low ash 
edestin 
(GroupI).} 11 | 9.5+0.68*%) 3.1 /4642.1) 48 /13.141.5) 13.5 | 28.1 

Low ash 
casein 


ee 11 |11.5+0.83 | 3.7 |4544.7| 39 |12.941.7) 11.2 | 28.6 
Adequate 
edestin 
(Group 
RA 6 | 9.240.98 | 1.7 |5143.2) 55 /|14.6+0.6) 15.8 | 28.7 
Adequate 
casein 
(Group 
IV).......] 12 | 9.340.64 | 2.4 |5142.4) 54 |14.641.2) 15.5 | 28.6 





























* Standard deviation. 


Group II. Corpuscular hemoglobin, estimated according to the 
suggestion of Wintrobe (1929), was 13.5 gm. X 10-” and 11.2 
gm. X 10-*, respectively. Again, of particular interest is the 
fact that although the cells varied in number, in size, and in the 
quantity of pigment present, the degree to which they were satu- 
rated with hemoglobin was strikingly constant (Table II). Evi- 
dently then, one may consider that the intrinsic composition of 
each erythrocyte remained the same in the groups of rats fed the 
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four specific rations of this experiment even though the gross 
picture of the blood was altered by certain dietary procedures. 
The constancy of this factor under unfavorable conditions has 
been noted by other investigators (Mayerson and Laurens, 1931). 
It is another remarkable example of the physiological adjustments 
that an organism can make to severe and abnormal dietary impo- 
sition. 

Why the animals fed the ash-poor diet containing edestin should 
present upon examination a blood picture more nearly normal 
than that of the rats fed the low salt casein ration remains at 
present an unanswered question. It seems possible that the casein 
diet contained some unidentified factor, for instance phosphorus, 
that was absent in the edestin ration and which exerted a definite 
erythropoietic stimulus on the blood-forming organs. 

A stimulation of reticulosis occurred in both groups of rats 
given the low salt rations (Table II). 'The phenomenon may have 
been somewhat more pronounced in the casein-fed animals. 
Orten and Smith (1934, b) have shown that an increased propor- 
tion of reticular erythrocytes appeared in rats maintained upon the 
deficient casein ration only after the concentration of hemoglobin 
had dropped to a submaximal level. The reticulocytosis observed 
in the present instance, in the two groups of rats on low salt 
rations is undoubtedly related to the drop in the concentration of 
heme pigment in each case. The proportion of reticulocytes is 
approximately the same as that noted by Orten and Smith at the 
particular level of hemoglobin, i.e. 13 gm., characteristic of our 
rats fed the deficient diets. On the basis of this correlation, the 
low salt edestin diet, in preventing polycythemia, appears to act 
by retarding the “passive ‘accumulation of erythrocytes,” the 
process largely responsible for the early characteristic increase in 
the number of erythrocytes caused by feeding the low ash casein 
diet (Orten and Smith, 1934, b). 

Water Metabolism—The average daily intake of water and out- 
put of urine, week by week, of the four groups of rats grown upon 
the four modifications of the experimental diet are shown in 
Table ITI. 

The average quantity of water consumed daily by the two groups 
of rats on the two adequate diets was 12.7 and 14.8 cc., respec- 
tively. It will be noted that while there was no orderly varia- 
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tion in these figures from week to week, the trend in the last 
weeks of the experiment was toward a higher consumption of 
water, no doubt related to the increased size of the animals. The 
rats on the low ash casein diet drank, on the average, a slightly 
larger quantity of water than did the two control groups. On the 
other hand, the rats fed the low salt food containing edestin drank 


TaBLe III 


Average Daily Intake of Water and Output of Urine, Week by Week, of Groups 
of Rats Grown upon Experimental Rations 

































































Adequate casein |Adequate edestin| Low ash casein | Low ash edestin 

3 3 3 = 

- : a a a a 

Time on experiment E E 3 E 3 z z 4 F 3 3 Z 

2 ad eg sis 2 sis Fy Sis ia 

s/SiztzlisciVlelsiV@lelisiViz 

Zz x » Zz x i=) Z joo} i=) Zz mip 

wks. ce. | ce. ec. | cc. ce. | ce. cc, | ce. 

1 6 |11.3) 2.2) 6 [13.0) 2.9) 6 {13.3} 2.0) 6 |13.4| 3.7 

2 6 {14.0} 1.9) 6 |14.3] 2.5) 6 |16.4) 2.5) 6 |12.6) 3.5 

3 6 |13.6| 2.1) 6 [13.3] 2.3) 6 |14.1) 3.9) 6 |16.5) 4.3 

4, 6 |11.6) 1.6) 6 {13.8} 2.6) 6 /13.9) 3.1] 6 |16.6) 4.4 

5 6 |11.4| 2.4) 6 |15.0) 3.4) 11 [12.9) 4.5) 9 [19.4) 6.0 

6 6 |14.0) 2.8) 6 {14.8} 3.2) 11 |13.7) 3.5) 12 {19.0} 8.0 

7 7 |11.5) 2.4) 6 |16.3) 3.1) 11 |14.9) 6.8) 12 |19.6) 8.5 

8 7 |10.4) 2.3) 6 {15.6} 3.6) 11 {13.8} 4.8) 17 |19.8) 9.0 

9 7 {11.9) 1.9) 6 {14.7| 3.6) 11 |14.7| 5.0) 12 |22.0) 9.9 

10 7 (13.3) 2.2) 6 (14.4) 3.9) 11 |14.1) 5.3) 12 |21.1) 9.4 

ll 7 {13.1} 2.5) 6 {16.4} 4.2) 10 |11.7) 4.4) 12 |21.3/12.9 

12 7 |15.9) 2.3) 6 |14.9) 3.4) 10 |14.1) 4.9) 11 |21.5)10.9 

13 7 {13.3} 2.3) 6 |15.4) 3.6] 10 |14.9) 5.0) 10 |21.3)12.1 

Average per day... 12.7; 2.2 14.8) 3.3 14.0) 4.3 18.8) 7.9 
Total for experi- 

mental period... 1157| 202 1343 296) 1277| 390 1709) 718 





progressively more as the experiment progressed. For the last 5 
weeks of the experiment, an average daily intake of 21 cc. of water 
was maintained in contrast to an average of 14 cc. for the other 
three groups. 

Concomitant with the increased consumption of water of this 
group of rats was an augmented urinary excretion. The average 
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quantity collected in the last 3 weeks of the experiment was 
approximately 12 cc. per day. In contrast to the output of the 
other groups, this is a high figure. The diuretic effect of the low 
salt edestin ration definitely became more pronounced as the 
experiment progressed. The increased elimination of urine in 
certain individual rats was very marked, one rat actually excreting 
an average quantity of 30 cc. of urine every day for the last 2 weeks 
of the experiment. 

The data show that the low salt casein food, although not as 
marked in its influence as the similar edestin diet, also seemed to 
exercise some diuretic effect. Even the ingestion of the adequate 
edestin ration causes some diuresis. However, it is the combina- 
tion of the absence of salts and the protein, edestin, that most 
definitely affected urinary excretion in the albino rat. 


CONCLUSIONS 


On the basis of the data presented herein, the following conclu- 
sions seem pertinent: 

The ingestion of a ration poor in salts containing edestin as the 
dietary protein does not induce as drastic changes in the blood 
stream of the rat as does a similar diet in which casein is the sole 
source of protein. The ration does not exert the specific erythro- 
poietic effect of the casein diet. No polycythemia occurs; the 
erythrocytes are only slightly smaller in size than normal and 
the concentration of hemoglobin in each cell is not as markedly 
reduced. 

However, the ash-free ration containing the protein, edestin, 
when fed to the rat, is conducive to the development of severe 
diuresis; whereas the comparable casein diet has only a slight 
influence. The diuresis is accompanied by polydipsia. 
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The appearance of a peculiar protein in the urine of a person 
suffering from multiple myeloma was discovered by Bence-Jones 
in 1847. Since that time proteins having similar characteristics 
have often been recognized in urine and have been called Bence- 
Jones protein. Although hundreds of cases have been reported, 
very few detailed chemical or immunological studies have been 
made (1) to determine whether similar or identical proteins are 
being excreted either by the same individual from time to time or 
by different individuals. The most complete chemical analyses 
are those of Abderhalden and Rostoski (2) and of Hopkins and 
Savory (3). Some special determinations of chemical and physical 
properties have been made at times by other investigators, which 
include molecular weight by Svedberg and Sjégren (4), isoelectric 
point by Mainzer (5), solubility, specific rotation, ultra-violet 
absorption spectra, etc., by Hewitt (6). Careful immunological 
studies have been made by Hektoen (7), Bayne-Jones and Wilson 
(8), and by others. These and other investigations have led to the 
general conclusion that the substance of protein nature which 
appears in the urine of certain individuals and has the peculiar 
property of being insoluble in the faintly acid urine at 60°, yet 
redissoluble at the boiling point, is a protein chemically and 
immunologically distinct from the serum and tissue proteins. 
Some have also concluded that all Bence-Jones proteins are 
essentially identical in composition and are chemically indistin- 
guishable, while Bayne-Jones and Wilson (8), from immunological 
studies, have concluded that they are not biologically identical. 

The origin of these proteins is still obscure. Many theories of 
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their formation have been proposed: (1) products of the tumor 
cells themselves, (2) an abnormal substance produced by peculiar 
stimulation of the bone marrow cells, (3) an abnormal product of 
all tissue cells, (4) substances formed by abnormal digestive 
processes, and (5) changes in the serum proteins. The fourth of 
these theories was disproved by Folin and Denis (9) who showed 
that elimination continued at approximately the same rate during 
fasting as when nutrition was normal. The excretion in some 
cases of large quantities of protein and the presence of a small 
number of tumor cells leaves doubt as to the possibility of the first 
theory. With regard to the other three theories there is no decisive 
evidence in favor of any one. 

This investigation is the beginning of a series we plan to make on 
Bence-Jones proteins as they become available. We plan first to 
show whether, from time to time, the individual excretes chem- 
ically identical compounds, as determined by modern methods, 
second whether those proteins excreted by different individuals 
are identical as determined by chemical analysis, and third, one of 
us (F.) plans to study these same proteins from the immunological 
point of view to supplement the few specific studies that have 
already been made. The frequency and seriousness of the disease 
multiple myeloma and the failure of early recognition of the 
condition justify extensive studies. 


EXPERIMENTAL 


An individual with Bence-Jones proteinuria was admitted to the 
hospital and 2 weeks later died of recognized multiple myeloma. 
Specimens of urine were collected over 24 hour periods and pre- 
served with toluene. From two such specimens, one collected a 
week later than the other, samples of Bence-Jones proteins were 
prepared for chemical analysis by heating the urine to 60° at pH 
5.5. The heavy flocculent precipitate was filtered, washed first 
with water previously heated to 50—65°, subsequently with dilute 
alcohol, then with absolute alcohol and ether, and finally dried in a 
vacuum desiccator over sulfuric acid for 48 hours. 

Duplicate analyses were made in all cases on each sample. The 
moisture was determined by drying at 110° to constant weight, the 
ash by ignition in a platinum crucible, total nitrogen by the Pregl 
micro-Kjeldahl method, amino nitrogen by the Van Slyke method, 
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phosphorus by the Pregl micromethod as modified by Lieb and 
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Wintersteiner (10), sulfur by a slight modification of the Denis 
method. The protein was hydrolyzed and the following determi- 
nations were made: amide nitrogen by adjusting the pH to phenol- 


TaBLe | 
Comparison of Analytical Values Obtained by Authors with Those of Other 
Investigators 

The nitrogen values are calculated in per cent of total nitrogen, 
while all other values are calculated in per cent of the ash- and moisture- 











free protein. 

Constituent Hepad™® |Abderbalden and| ___ANtbors 

minedons Sample I | Sample II 

SE a) eae (ee Pe ee 5.1 1.2 
IR Sct kicks ona ae hn 10.6 4.8 
Total N 16.2 18.0 18.1 
els. divs cueeishewie 79.3 78.2 
Oe PET. Peer (<0.01) | None None 
RES ene 1.0 1.0 
Amide N 1.3 5.6 5.7 
NE a caialtini ne ncslethnmiegel None None 
aed os biead sacs ues 4.2 1.7 (6.2) 6.8 6.7 
NN oi ics eee 0.82 (1.7) 2.5 2.5 
Re cdin she's i kaeeee he 0.57 3.0 3.0 
ah a 6.0 5.2 5.0 
RS inc ein dtdawhite tah 1.2 1.1 1.2 
GROAN, Peete ven rsp ae. 3.7 7.0 6.5 
IR iad cosh eae one aioe Present 1.7 
NR wdirdadeRaiev chy damn - 4.5 
Rais ida ck Ghe kolesied eal 6.5 10.6 
Repartic acid....... 0026+...) 3.3 4.5 4.5 4.7 
OS, ree . 8.1 6.0 8.5 8.6 
Phenylalanine................ “4.8 1.5 
ola tantig. pie anders acai 2.7 1.9 
SE saraniis cthistc-duhiintoe eatimniend 5.6 

















The values in parentheses are taken from the data of Hewitt (6). 


phthalein and aeration into standard acid, humin nitrogen by the 
Kjeldahl method, tyrosine and tryptophane by the method of 
Folin and Marenzi (11), cystine by the Folin and Marenzi method 


(12), arginine, histidine, and lysine by a method previously de- 
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scribed (13) with the modification for removal of cystine suggested 
by Vickery and Leavenworth (14); aspartic and glutamic acids 
were determined by the method of Jones and Moeller (15). The 
nitrogen values are expressed in per cent of the ash- and moisture- 
free protein. In Table I the values for certain constituents found 
by the two other groups of investigators have been recorded along 
with those of the authors. 


DISCUSSION 


It would have been interesting to have the values of Medes (16) 
for comparison but so far her findings have not been published in 
detail. There are, however, several points of interest in the 
comparison of our values with those of other investigators, which 
are remarkable when one considers that they are all isolation values 
made by the early methods. Our values for the amino acids are 
obtained by isolation also, with the exception of tyrosine, trypto- 
phane, and cystine, in which cases we feel that the colorimetric 
methods are far superior. The total nitrogen value of Hopkins 
and Savory (3) is distinctly lower than ours, which may possibly 
be explained in part by their failure to correct for the ash and 
moisture content of the protein. The arginine value is higher than 
we have found. This may be because they considered the nitro- 
gen in the filtrate from the histidine dichloride to be arginine 
nitrogen, which was added to their arginine value. It is doubtful 
that this is a correct assumption. Again it may be possible that 
we are dealing with proteins which are entirely different in chemi- 
cal composition and in that case comparisons are of no analytical 
significance. The physical and chemical properties which have 
been accurately determined by several investigators, especially 
by Hewitt (6), seem to indicate that these proteins are chem- 
ically as well as biologically different. We do not feel, however, 
that the evidence is entirely convincing. 

Since the origin of these proteins is unknown, it is interesting 
that some of the values we have found compare very closely with 
those reported for serum globulin. The tyrosine and cystine 
values are close to those reported by Reiner and Sobotka (17), 
while the arginine, histidine, and lysine are close to those of Block 
(18). However, the molecular weight reported by Svedberg and 
Sjégren (4) is just one-third of that of serum globulin. This 
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suggests the possibility that the serum globulin in this disease is 































d 

Is split into three particles of equal size. Such a product would be an 
. abnormal serum constituent and would be excreted by the kidney 
» as is the case with other foreign proteins which enter the blood 
d stream. 

8 SUMMARY 


Two samples of Bence-Jones protein were prepared from the 
urine collected at different periods from one individual and analyses 
) made on each sample for ash, moisture, total nitrogen, amino 
nitrogen, phosphorus, sulfur, amide nitrogen, humin nitrogen, tyro- 
sine, tryptophane, cystine, arginine, histidine, lysine, aspartic 
h acid, and glutamic acid. 

These values are reported in Table I along with those of some 
other investigators. 
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THE COMPOSITION OF TISSUES IN DEHYDRATION 
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More than half the weight of the soft tissues of the body consists 
of water, and every marked and rapid loss of weight must, for the 
greater part, be a loss of water. We do not, however, speak of 
dehydration in such cases where the loss of weight is due to in- 
sufficient intake of food, although we know from the work of 
Gamble, Ross, and Tisdall (1) and others that in fasting body fluids 
are lost in considerable excess of the loss of body substance; nor 
do we then observe the characteristic symptoms of dehydration. 
When we speak of dehydration, it indicates our belief that in some 
cases the loss of water plays a specially important part in pro- 
ducing the clinical symptoms observed. 

As body fluids are being lost both in dehydration and fasting, 
the question comes up, in what respect this loss of body fluids in 
dehydration differs from that in fasting. The purpose of the 
present work was to find the answer to this question. In this 
paper are presented the results of our analysis of the tissues of 
dehydrated animals. 

The meaning of the term dehydration is somewhat uncertain. 
In the clinical case the factors involved are manifold: loss of fluids 
by vomiting and diarrhea, thirst and starvation by the inability 
to eat and drink, perhaps also increased water losses from the skin 
and lungs caused by fever and acidotic hyperpnea. Analyzing 
these factors, we find: dehydration in the strict sense of the word, 
by lack or loss of water; demineralization from loss of minerals 
with the gastric and intestinal secretions and insufficient intake of 
salts; starvation, that is, lack of organic and inorganic food ma- 
terials and, perhaps, insufficient absorption due to diarrhea. In 
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order to study these factors separately we have attempted, as far 
as possible to produce pure dehydration; that is, lack of water but 
of nothing else. In future communications we hope to present 
analysis of tissues in complete fasting and in demineralization due 
to loss of intestinal secretions. 

The earliest analysis of tissues in pure dehydration was pub- 
lished in 1854 by Falck and Scheffer (2) and one of the most 
important early contributions was made by Nothwang in Rubner’s 
laboratory in 1892 (3). According to this latter work, pure de- 
hydration leads to concentration, and fasting to dilution of the 
tissue fluids. In dehydration the water content was low, and the 
amount of ash high in relation to the water content. Quite the 
opposite was found in fasting; high water content and low ash 
content. As to the distribution of the water loss, it had already 
been found by Falck and Scheffer (2) that the most marked water 
loss occurred in the skin and the muscles. This was confirmed by 
Tobler (4), but, as his animals were dehydrated by diarrhea, they 
did not suffer from pure dehydration as we have defined it above. 
Schiff and coworkers (5, 6) found the most marked loss of water 
from the muscles; they did not analyze the skin. 

These are the most important works on the composition of 
tissues in pure dehydration. Other papers bearing on the subject 
have been published by Landauer (7) on weight losses and sur- 
vival periods of mice on a dry diet; by Kudo (8) on weight losses of 
various organs of rats on a dry diet; and by Garofeano and co- 
workers (9) on water content of various glandular organs in 
thirsting dogs. 


Methods 


Eleven puppies, 27 to 55 days old, were used for the experiment. 
The five controls were fed dry milk powder mixed with water with 
the addition of cod liver oil and some ferric ammonium citrate; 
they were allowed to drink freely. The six dehydrated animals 
were given the same powder, mixed with a minimal amount of 
water, sufficient to allow the mixture to be forced through 4 
stomach tube by asyringe. Vomiting was very rare. The experi- 
ments lasted from 2 to 7 days. The weight of the normal animals 
at the beginning of the experiment ranged from 597 to 3200 gm., 
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that of the dehydrated animals from 1098 to 5000 gm. One of the 
controls was killed immediately; the others were kept from 5 to 9 
days. One of them lost 31 gm.; the others gained from 155 to 239 
gm. during the period of observation. The dehydrated animals 
were observed for a period of 2 to 7 days before they were killed. 
Their weight losses ranged from 176 to 450 gm. The animals 
were killed with ether, and as soon as they were unconscious the 


Tasie I 
Concentration of Electrolytes, in Milli-Equivalents, per Liter of Tissue Water 
Mean values, from five normal and six dehydrated animals. 

















Chloride | Total base| Na |Pase minus) x 

Muscle | Normal 53 203 70 93 

Dehydration | 48 243 74 127 

Pp 0.28 0.005 0.44 0.001 
Skin Normal 113 218 189 29 

Dehydration | 139 289 252 37 

P 0.002 0.02 0.02 0.45 
Brain Normal 49 202 74 89 

Dehydration | 62 232 91 100 

P 0.007 0.002 0.006 0.02 
Liver Normal 45 194 57 111 

Dehydration | 61 230 76 126 

0.003 0.06 0.005 0.14 
Kidney | Normal 82 241 105 78 

Dehydration | 104 256 150 78 

P 0.04 0.12 0.001 














* P indicates the probability that the difference is due to random varia- 
tions of the individual values from which the means have been calculated. 
When P is 0.05 (a chance of 1 in 20) or less, we have assumed that the experi- 
mental procedure (dehydration), not random variations, is responsible for 
the difference. 


collection of tissues began, three of us working as rapidly as possible 
to prevent losses from evaporation. The tissues were immediately 
put in weighing bottles. The samples were dried at 100° to con- 
stant weight, powdered, and analyzed. On the dried sample, fat 
was determined by the method described by Holt, Courtney, and 
Fales (10), nitrogen by the Kjeldahl method, chloride by the 
method of Laudet (11). Ashing was carried out in a muffle 
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furnace at 400°. Total fixed base was determined on the ash 
solution by the method of Fiske (12), and potassium by the 
method of Fiske and Litarczek (13). Sodium was determined by 
the method of Barber and Kolthoff (14). Good checks were not 
always obtained in the determination of sodium, and we feel that 
the values for sodium are less accurate than those of the other 
tissue constituents. Especially was this true in the analysis of 


TaBLe II 
Composition of Tissues in Dehydration 
Mean values, calculated from five normal and six dehydrated cases. 
Water, fat, and nitrogen are expressed in gm.; the other values, in milli- 
equivalents per 100 gm. of fat-free dry substance. 











Water | Fat | N | ci | Total | Na mips K 
Muscle | Normal 499 34 113 /|28 /|102 35 46 
Dehydration|326 26 «#14 «#15 79 24 42 
pe 0.001 | 0.16) 0.07} 0.01) 0.009) 0.03 0.17 
Skin Normal 380 114/14 [38 83 65 (10 
Dehydration|217 132 |14 (|30 63 56 8 
P 0.001 | 0.56 0.01) 0.03 0.04) 0.35 
Brain | Normal 693 31 |11 34 = (|140 52 61 
Dehydration|599 27 ~«#|11 «#488 ~=+/140 54 61 
P 0.0006} 0.39 0.17 0.57 
Liver | Normal 336 8 |14 /|15 65 19 37 
Dehydration|294 24 #14 (18 68 24 37 
0.002 | 0.04 0.11} 0.63 | 0.07 
Kidney | Normal 469 15 {13 |388 {113 49 36 
Dehydration|427 16 |13 (|44 = /|109 60 34 
P 0.17 0.17) 0.50 | 0.12 0.56 
































* See foot-note to Table I. 


the skin, where the sodium determinations were so unsatisfactory 
that they were discarded. In our discussion of the analysis of the 
skin we have used the values for non-potassium base, that is total 
fixed base minus potassium, in order to estimate approximately 
the changes in the sodium content. 

In Tables I and II, to save space, we have given only the mean 
values. When the mean values obtained in the dehydrated ani- 
mals were different from the mean normal values, we have caleu- 
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lated the probability (P) that this difference is really significant 
and not due to individual variations.! 

We have expressed our values either in gm. or in milli-equi- 
valents per 100 gm. of fat-free dry substance. We were in some 
doubt whether this or the values for nitrogen were the best point 
of reference. The amount of nitrogen in the fat-free dry substance 
is, however, very constant, indicating a protein content of about 
85 per cent, and we have found that it makes little difference 
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Fig. 1. Changes in water and total fixed base, expressed in per cent of 
normal values. The space between the top of the column for water and the 
dotted line indicates the degree of concentration of the tissue fluid, 


whether fat-free dry substance or nitrogen is chosen as the point 
of reference. We have also calculated the electrolytes per liter of 
tissue water (Table I). 


Results 


Table II shows the total changes that occurred in dehydration. 
Fig. 1 shows the changes expressed as per cent of normal values. 
The changes that occurred were of two types: In muscles and 


' The method used for calculating P is that given by Fisher (15). 
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skin there was considerable loss of water and electrolytes (prob- 
ably chiefly sodium and chloride), more of the former than the 
latter, resulting in a concentration of the tissue fluid. In liver 
and brain there was a small, but quite definite loss of water 
but no loss of electrolytes; the result was, of course, also in 
these organs a concentration of the tissue fluids. As to the kid- 
neys, the statistical analysis shows that the values were too 
variable to allow any definite conclusions. In addition to these 
changes there was an increase of fat in the liver and some fatty 
infiltration or degeneration was seen in the histological specimen. 


TaBie III 
Composition of Blood Serum Shortly before Death of Animals 
The non-protein nitrogen is expressed in mg. per 100 cc.; the other values, 
in milli-equivalents per liter. 

















Dog No. | Total base HCOs cl Men-pestele 

Normal 2 21 105 30 
6 19 108 23 

8 165 22 103 24 

13 173 21 106 32 

Dehydration 3 22 131 72 
5 20 135 43 

9 177 23 119 33 

10 186 15 140 28 

12 196 24 129 39 











In a few cases blood was obtained from the animals shortly 
before they were killed. The results of the analysis of the blood 
serum are given in Table III. The data are too few to allow defi- 
nite conclusions, but there were two very high values for total 
fixed base and the chloride seems rather consistently to be higher 
than normal. Only in one case was there a definite decrease ot 
the bicarbonate content. 


Comment 


As the red blood corpuscles of the dog contain considerable 
amounts of sodium (16), it seems possible that this difference 
between the human and the dog may be present also in other body 
cells. Potassium, however, in the dog is probably present pre- 
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dominantly in the cells, as the potassium content of the blood 
plasma of the dog is about as low as in the human (16). In our 
cases, ranging the tissues according to their potassium content, we 
find that the liver has most potassium per liter of tissue water; 
then come muscles, brain, and kidney; the skin has a considerably 
lower potassium content than any other tissue. (The order 
might, possibly, be somewhat different if the kidneys could be 
analyzed free from urine.) On the whole, then, the more cellular 
organs contain more potassium than the organs poor in cells, 
and we think that the amount of potassium in the tissue water 
may be taken as a measure of the relationship between cellular 
and interstitial (including blood plasma) water in that tissue. 

It is, therefore, of great interest that in no ergan was there in 
dehydration any demonstrable loss of potassium in relation to fat- 
free dry substance. Potassium may have been lost, but, if so, 
only in proportion to the loss of fat-free dry substance. As 
pointed out by Gamble (17), the composition of cellular fluid in 
which the base is, chiefly, potassium, makes it unsuited to restore 
blood plasma volume, while the interstitial fluid is well adapted 
for that purpose. We think that the analysis of the tissues in our 
cases has again confirmed this prediction. 

Interstitial and plasma fluid, on the other hand, has been lost 
in large amounts from the skin and the muscles, as indicated by 
the loss of water and base other than potassium. 

Loss of tissue fluid could not have resulted in the increased 
concentration of base that was found in muscles, skin, and brain, 
and, probably, also in kidneys and liver. This finding indicates 
that the electrolytes were not eliminated quite as rapidly as water, 
and, as the electrolytes are eliminated chiefly through the kidneys, 
we have to assume that the kidneys could not rid the body of 
superfluous electrolytes. This breakdown of kidney function 
would, probably, not take place as long as interstitial water was 
still available for the maintenance of the blood plasma volume. 
In other words, finding, as in these experiments, an increased con- 
centration of total fixed base per liter of tissue water suggests that 
the tissues have already been drained of most of their available 
interstitial fluid. The fluid losses ought, therefore, to give us some 
indication of the amounts of interstitial fluid available as a reserve 
store for plasma fluid. Per 100 gm. of fat-free dry substance, the 
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skin had suffered a loss of 43 per cent of its water, the muscles 35 
per cent, the brain 14 per cent, the liver 13 per cent, and the kid- 
neys, possibly, 9 per cent In the brain, liver, and kidneys, the 
loss was not one of tissue fluids, but of water, as the decreased 
water content corresponds, approximately, to the increased con- 
centration of base; this loss of water had, presumably, taken place 
after the kidney function had become impaired and the body was 
continuing to lose water while base was being held back. In the 
skin and the muscles, however, there had been a real loss of tissue 
fluid. The extent of this loss may be estimated from the loss of 
fixed base; in the muscles 1000 cc. of tissue water were, in de- 
hydration, decreased to 654 cc. These 654 cc. contained 159 
milli-equivalents of base which, under normal conditions (203 
milli-equivalents per liter of muscle water) would have been con- 
tained in 783 cc. of water. The difference between this figure and 
the 654 cc. which actually remained in the muscles gives an ap- 
proximate idea of the decrease of water volume due to concentra- 
tion of the fluid. The total loss, per liter of water, of 346 ce. 
(1000 — 654) would then consist of about 217 cc. (1000 — 783) 
lost as tissue fluid and 129 cc. (346 — 217) lost as water. In the 
skin we find by similar calculation 242 cc. lost as tissue fluid and 
186 cc. as water. In round figures, therefore, the muscles and the 
skin had lost about 20 per cent of the tissue fluid present under 
normal conditions. It is to be understood that these figures are 
rough estimations and that the calculation does not take into 
account several factors such as the concentration and, possibly, 
increased base-binding power of the proteins, etc. 

As the histological picture of our specimens makes it somewhat 
hard to understand where the large store of interstitial fluid is 
located in the muscles, it seems possible that the decreased volume 
of muscle water in dehydration was, at least to some extent, due 
to contraction of the muscle capillaries. The fluid thus lost would, 
of course, be chemically indistinguishable from interstitial fluid. 
In the skin, on the other hand, it is quite possible that the fluid lost 
to a major part consisted of true interstitial fluid. 


SUMMARY 


The results of these experiments demonstrate that uncompli- 
cated dehydration, as produced simply by water deprivation, 
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leads to a concentration of electrolytes in the body fluids. The 
data obtained permit detailed description of the extent and 
source of the water and electrolyte losses which occur. 

A loss of extracellular fluid was found to be a prominent feature 
and to derive, chiefly, from the muscle tissue, which lost 35 per 
cent of its water and 22 per cent of its base, and the skin, which 
lost 43 per cent of its water and 24 per cent of its base. The 
extracellular source of this loss is assumed from the fact that the 
base lost was not potassium. There was no demonstrable loss of 
potassium from any tissue analyzed, indicating that there was no 
withdrawal of intracellular water beyond the loss of water with- 
out electrolytes producing the observed rise in concentration. 

In the brain, liver, and the kidneys the decrease in the volume 
of tissue water was slight and the water withdrawn was not ac- 
companied by electrolyte loss. The only change, therefore, was 
an increase in concentration, 
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In a paper from this laboratory, describing the dependence of 
the solubility of the plasma proteins in concentrated salt solutions 
on the salt and plasma concentrations (1), we pointed out the 
advantage of using potassium phosphate as a precipitating salt 
inasmuch as the salt concentration and pH of such solutions could 
be varied independently as described by Cohn (2). 

For the specific purpose of ascertaining the optimum conditions 
for separating the plasma proteins by single fractional precipita- 
tion, we have continued the study of the solubilities of these pro- 
teins in concentrated solutions of potassium phosphate and in this 
paper report data on the effect of pH, temperature, and removal 
of lipids on the solubility curve of the proteins of horse plasma. 
Though the dependence of the solubility of protein in salt solutions 
on pH is clearly established, (3,-4), but few data on the quantita- 
tive relation between the solubility of the serum proteins in con- 
centrated salt solutions and pH have been presented over the pH 
range encountered in the salt solutions commonly used for salting- 
out purposes. Csapé6 and von Klobusitzky (5) observed but little 
effect in the precipitating power of sodium sulfate and sodium 
chloride solutions on the serum proteins when the pH changed 
from 4.8 to 7.4. Wu (6), in studying the solubility of serum pro- 
teins in sodium sulfate solutions, observed no appreciable effect. 
of pH on their solubility over a pH range of from 5.0 to 9. Howe 
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(7) observed that a greater concentration of phosphate in solutions 
of mono- and disodium phosphate or mono- and dipotassium phos- 
phate was required to produce equal precipitation of the plasma 
proteins as the pH of the solutions fell from 8.0 to 5.8, a behavior 
that might be considered without further analysis contrary to the 
usually observed decrease in protein solubility as the isoelectric 
point is approached. 

Wu (6) reported a decrease in solubility of the lipid-free serum 
as compared to the natural serum. His curves, however, are not 
detailed enough to permit an accurate analysis of the individual 
protein fractions, particularly the globulin portion, where changes 
in the curve might be expected since there is evidence that euglo- 
bulin is a complex of pseudoglobulin and lipids (8,9). An analysis 
of the individual fractions of a lipid-free serum, whose solubility 
is different from that of natural serum, by such specified salt con- 
centrations as given by Howe (10), may give solubility data that 
have but little relation to the solubility of the individual serum 
proteins. 

Mellanby (11) observed that ammonium sulfate was slightly 
more effective as a precipitant of the serum proteins at 0° than 
at 40°. 

EXPERIMENTAL 


Effect of pH—Fig. 1 presents the solubility curves of the proteins 
of horse plasma in potassium phosphate solutions of pH 5.4, 6.5, 
and 7.7,! determined as described in the previous paper (1). All 


1 The pH of 5.4 was selected since it was thought that a curve atthe iso 
electric point of serum globulin might increase the difference in the solu- 
bilities of the globulin and albumin fractions. Moreover, this is as acid a 
pH as can be obtained with a buffer solution of mono- and dibasic potassium 
phosphates. The pH of 7.7 is approximately the alkaline limit of such a 
buffer solution. And the pH of 6.5 is a convenient intermediate point. 
The solutions of varying ionic strength of pH 6.5 were made by dilution 
of a 3 m solution of phosphate consisting of equimolecular amounts of the 
dibasic and monobasic potassium salts as described in the paper referred 
to above (1). The solutions of pH 5.4 and 7.7 required individually con- 
structed solutions for each concentration, since the mole fraction of 
K:HPQ, which provides a constant pH at either of these pH values varies 
with change in the salt concentration of the solution. The mole fraction 
of K;HPO, required to give the pH of 5.4 or 7.7 at any desired phosphate 
concentration was taken from the interpolation tables and graphs of Green 
(12), the values beyond the concentrations given in that paper being deter- 
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three curves were made from a single sample of horse plasma col- 
lected aseptically. The curve at pH 5.4 was determined the day 
the plasma was drawn. The plasma was then kept under sterile 
conditions at 10°, and the curves at pH 6.5 and 7.7 were deter- 
mined respectively 6 and 15 days after the plasma was collected. 
Under such conditions the solubility of the proteins remains unal- 
tered. Moreover, the curves at the two latter pH values agree 
with others obtained at these pH values with fresh plasma. 

The ordinate on the left represents the solubility of protein 
nitrogen expressed as gm. of nitrogen per liter of filtrate. The 
ordinate on the right represents the logarithm of the solubility. 
The abscissa represents the ionic strength of the potassium phos- 
phate per liter of the plasma phosphate solutions,’ the solutions 
consisting of 1 cc. of serum to 30 cc. of the various phosphate solu- 
tions. The solubility curve at each pH is represented by the solid 
line, the logarithm curve by the broken line. This latter curve 
was used to determine the points of break in the solubility curve as 
described in our previous paper (1). Since no consistent break 
occurs at the ionic strengths corresponding to 2.50 at pH 6.5 
(molar concentration of 1.25), the curves are drawn without any 
indication of the precipitation of euglobulin. The curve at pH 5.4 
could not be extended further because of the limited solubility of 
potassium phosphate at that pH. 





mined by extrapolation. The desired mole fraction and concentration 
of each solution at pH 5.4 and 7.7 were obtained by weighing out the re- 
quired amounts of the dried dibasic and monobasic salts or by titrating 
from standardized solutions of K,HPO, and H;POQ, the calculated number 
of cc. of each solution. The solutions were then checked for total phos- 
phate by the method of Fiske and Subbarow (13) and for approximate pH 
colorimetrically. The determinations were carried out at 39° in order to 
increase the solubility of the phosphate in the most acid solutions. 

Although the effect of temperature on pH in such concentrated phos- 
phate buffers has not been determined, there is no appreciable change in 
dissociation constant or activity coefficient with temperature at the con- 
centrations studied (14). 

? Ionic strength per liter of solution is used as a matter of convenience. 
It may be defined as '/2 where [ = =CZ?, as used by Debye and Hiickel (15), 
C being the stoichiometrical molarity of each ion and Z its valence. This 
should be differentiated from ionic strength designated by Lewis and 
Randall’s » (16), where the concentration of each ion is expressed as stoi- 
chiometrical molality. 
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The solubilities of all the fractions increase with increasing pH. 
Though no two entire curves are superimposable, the correspond- 
ing fractions of each of the three curves are very nearly super- 
imposable separately. In the terms of Cohn’s equation (17) which 
defines the solubility of a protein in concentrated salt solutions 
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Fig. 1. Solubility curves of horse plasma proteins at 39°. X represents 
the solubility at pH 5.4; O, at pH 6.5; @, at pH 7.7. 


as log S = B — Key where £ is an intercept constant, K, a con- 


stant representing the slope of the curve, and 5 the salt concentra- 


tion in terms of ionic strength per liter of solution,’ the data of 
Fig. 1 indicate that the K, constants or slopes of the different frac- 
tions are affected but slightly by pH, whereas the 8 constants are 
dependent upon pH and for each fraction are affected differently. 
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In an attempt to obtain more quantitative data on the rela- 
tionship between pH and the constants K, and 8, the logarithms 
of the solubilities of the globulin, probably pseudoglobulin, fraction 
of the curves were plotted against salt concentration, the zero 
solubility of this fraction on the curves being made by logarithmic 
extension as 0.09 mg. of nitrogen per liter (see (1) p. 183). The 
numerical values for K, and 8 so obtained at the three pH values 
are given in Table I. 

Effect of Temperature—Fig. 2 presents the solubility curves of 
the proteins of horse plasma at 1°, 20°, and 39° determined on 
samples from the same horse plasma in concentrated potassium 


TaBie I 


K, and 8 Constants for “Pseudoglobulin” Fraction from Experimental Data 
, of Figs, 1 to 3 


























. Total N Temper- 
Fig. No. Source of sample —- pH avere K, 8 
gm. per l.* ~. 
1 Horse plasma 0.345 £.4 39 0.52 0.61 
” - 0.345 6.5 39 0.51 0.82 
si as 0.345 fF 39 0.48 1.06 
2 = = 0.325 6.5 1 0.47 0.81 
se ” 0.315 6.5 20 0.49 0.70 
- ia 0.320 6.5 39 0.49 0.70 
3 Serum powder 0.310 6.5 20 0.49 0.68 
sae os 0.620 6.5 20 | 0.49 0.90 





* Total nitrogen concentration per liter where no precipitation occurred. 


phosphate solutions of pH 6.5. The curve at 20° was determined 
the day the plasma was drawn. The curves at 1° and 39° were 
determined 24 hours later, the serum having been kept under 
aseptic conditions at 10° during the interim. 

The presence of a euglobulin break is equivocal, but the curves Mr 
have been drawn so as to reflect a differential precipitation over q 
the euglobulin range. The three heavy crosses represent the 
solubility of nitrogen in the filtrate from sodium sulfate solutions 
at 37.5° according to the method of Howe (10). The ionic 
strengths of 4.44, 4.56, and 4.87 correspond respectively to 21.0, 
21.5, and 23.0 gm. per cent of sodium sulfate. 
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The solubilities in the phosphate solutions at 20° and 39° are 
practically identical, while the solubility at a given salt concentra- 
tion is slightly greater at 1° than at the two higher temperatures. 

The K, constants of the different fractions appear to be inde- 
pendent of temperature over this range. The 8 constant of a 
given fraction apparently increases when the temperature ap- 
proaches 0°. The numerical values for K, and 8 for the pseudo- 
globulin fraction at each temperature were estimated and are 
given in Table I. 
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Fia. 2. Solubility curves of horse plasma proteins. @ represents the 
solubility at 1°; X, at 20°; O, at 39°; >], in sodium sulfate at 37.5°. 





Effect of Lipids—Fig. 3 presents the solubility curve of lipid-free 
horse serum proteins at pH 6.5 and a temperature of 20°. Lipid- 
free serum protein powder was prepared according to the method 
of Hewitt (18). These proteins were readily soluble in 0.7 gm. per 
cent saline, forming a clear solution with a protein concentration 
as high as 25 gm. per cent.? The composition of the lipid-free 
serum protein solution, which was added to the various phosphate 
solutions, was: serum protein 6.1 gm. per cent, non-protein nitro- 
gen 6 mg. per cent, sodium 137 milli-equivalents per liter, chloride 


* In a few instances the antitoxic titer of antidiphtheria horse serum, 
as measured by skin tests on guinea pigs, was correspondingly raised; 7.¢., 
to 5 to 10 times the titer of the original horse serum. 
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116 milli-equivalents per liter, calcium 12 mg. per cent, and 
cholesterol 0. 

The upper curve represents the solubilities from an experiment 
in which 1 ec. portions of lipid-free serum protein solution were 
added to 15 ec. of the phosphate solutions; 7.e., a dilution of the 
0.65+ 
0.60 
055 
0.50 
0.45 
0.40 
035 
030 
0.25 


0.20 


0.15 


SOLUBILITY AS GM. PROT. N PER L. SOL. 


0.10 


0.05 








0. 4 1 - 
200 3.00 400 5.00 600 


IONIC STRENGTH OF KgHPO, + KH2PO, PER L. 
PLASMA PHOSPHATE SOL. 





Fic. 3. Solubility curves of lipid-free horse serum proteins at 20°. X 
represents the solubility at a dilution of lipid-free serum solution in phos- 
phate solution of 1:31; O, of 1:16. The points /, 2, 3, and 4 represent the 
phosphate concentrations at which breaks occur in the precipitation curves 
of natural lipid-containing horse plasma. 


serum protein solution of 1:16 instead of the 1:31 dilution used 
in the majority of our experiments. The lower curve represents 
the solubilities of the same lipid-free serum protein solution diluted 
1:31 in the phosphate solutions. 

The character of the curve is changed but little from that of 
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fresh horse serum. From the data of the lower curve at the usual 
dilution there is a questionably significant precipitation between 
the ionic strengths of 1.55 and 2.60 as might be expected for serum 
from which fibrinogen has been withdrawn as fibrin. Between 
the ionic strengths of 2.60 and 2.90 there is a precipitation which 
may be attributed to euglobulin. The major portion of the globu- 
lin is precipitated between the ionic strengths of 2.90 and 4.40. 
The albumin begins to precipitate at an ionic strength of 4.50 
instead of at that of 4.80 as observed with natural serum, thus 
indicating a slight decrease in solubility in this protein fraction. 
The break in the albumin portion of the curve occurs at an ionic 
strength of 5.15 and corresponds to that with natural serum. 

Without a correction for the precipitation of euglobulin with 
pseudoglobulin (1) the K, and 8 constants of the second globulin 
fraction (pseudoglobulin) have been estimated and are given in 
Table I. The numerical values of the K, and 8 constants are in 
close agreement with those obtained with pseudoglobulin of natural 
plasma at the same pH and similar protein concentration. The 
increase in protein nitrogen solubility with increase in serum con- 
centration is shown by the K, and 8 constants for pseudoglobulin 
(Table I) to be due to an increase in the 8 constant, thus confirming 
the relationship suggested in our previous paper (1). 


DISCUSSION 


The increase in solubility of the plasma proteins over the globulin 
and albumin portions of the curves with increase in pH from 5.4 
to 7.7 as shown in Fig. 1, where the salt concentration is expressed 
as ionic strength, conforms to the expected behavior of proteins 
whose isoelectric points are 5.4 and 4.9. The increase in solubility 
of the fibrinogen portion over the same increase in pH indicates an 
isoelectric point of fibrinogen below 5.4 and agrees with Florkin’s 
(19) evidence on this point. Our data are in agreement with 
Howe’s findings in the experiments with phosphate solutions 
already mentioned (7). For, if our salt concentrations are plotted 
as molar concentrations, the solubility of nitrogen in the filtrate 
of a given molar concentration decreases as the pH rises from 5.4 
to 7.7. Conversely, if Howe’s phosphate concentrations are 
expressed in terms of ionic strength, the solubility of the plasma 
proteins increases as the pH rises from 5.8 to 8.0. The conformity 
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of the data when salt concentrations are expressed as ionic 
strengths with the expected behavior indicates the appropriateness 
of using this unit of concentration when expressing the solubility 
of proteins as a function of salt concentrations. It is for this reason 
that we have used in this paper units of ionic strength rather than 
molarity in expressing the concentrations of the phosphate 
solutions. 

Our finding that the K, constants of the various fractions are 
affected but little by pH or temperature, while the 8 constants 
are dependent upon both these factors, agrees with the findings of 
Florkin for fibrinogen (19) and Green for carboxyhemoglobin (20). 
A slight decrease in K, with increasing pH, as shown in Fig. 1 
(see Table 1) may be experimental error, but may be due to the 
specific ion effects of monovalent and divalent phosphate ions. 
However, evidence from the effect of pH on the solubility of fibrino- 
gen in sulfate and phosphate solutions (18) indicates that the spe- 
cific ion effect of these two ions would account for only a small 
fraction of the observed change in solubility and that we are 
justified in assuming that the greater part of the solubility change 
is due to a relationship between pH and 8. 

The numerical values of the K, and 8 constants over the globulin 
or pseudoglobulin portions of the curves are presented for the 
purpose of comparing and characterizing changes in solubilities 
rather than for the purpose of obtaining accurate numerical values 
for these constants. However, the order of magnitude of the K, 
obtained in our experiments, approximately 0.50, may have further 
significance when it can be compared with the K, of purified horse 
pseudoglobulin in phosphate solutions. At the present time 
comparison can be made only with the K, of 1.47, calculated from 
Sgrensen’s data‘ on purified horse pseudoglobulin in concentrated 
solutions of ammonium sulfate. Though these K, values are not 
directly comparable, the difference seems more than is to be 
expected from specific ion effects, since we have obtained pseudo- 
globulin K, values of approximately 0.50 from solubility curves in 
sodium sulfate solutions and Florkin for fibrinogen (19) and Green 
for carboxyhemoglobin (20) have observed lesser K, values in 
sulfate solutions than in phosphate solutions. Such an increase 
in the K, of purified pseudoglobulin above that obtained for the 


‘Taken from Cohn (21). 
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native pseudoglobulin of plasma again raises the question of 
whether procedures of purification alter the protein molecular 
complex. 


Estimation of Individual Plasma Proteins from Single Fractional 
Precipitation with Potassium Phosphate Solutions 


The results presented in Fig. 1 indicate that the effect of pH on 
the solubility of the plasma proteins over the pH range from 5.4 
to 7.7 may be large enough to introduce significant errors in salting- 
out procedures as commonly used today, for commercial prepara- 
tions of ammonium sulfate and sodium sulfate are notoriously 
variable in the pH of their solutions.’ Furthermore, the pH of 
a solution of these unbuffered salts and plasma may depend not 
only upon the pH of the salt solution but also on the dilution of 
the plasma, since this may affect the pH of the plasma salt solution. 
The data presented in Fig. 1 therefore suggest the advisability of 
using effectively buffered solutions in procedures of fractional pre- 
cipitation where a particular salt concentration is specified. 

Fig. 2 shows that ordinary variations of room temperature do 
not affect the solubility of the plasma proteins in these phosphate 
solutions beyond the limit of experimental error. In this respect 
potassium phosphate solutions as the precipitating reagent in salt- 
ing-out procedures provide an advantage over solutions of sodium 
sulfate whose temperature must be maintained at approxi- 
mately 37.5.° 

Since the maximum buffer effect of potassium phosphate is 
obtained at a pH of 6.5 and since concentrations of this salt at this 
pH may be made by dilution of a 3 m solution together with the 
fact that no improvement in the separation of the protein fractions 
results at pH 5.4 or 7.7, available data suggest the use of potassium 
phosphate solutions of pH 6.5 in the precipitation of individual 
plasma proteins. 


’ We have found that solutions of c.p. ammonium sulfate in distilled 
water vary from an approximate pH of 4.5 to 5.5. Some preparations 
even after recrystallization have been so acid as to cause complete pre- 
cipitation of the serum proteins when 0.5 cc. of serum was added to 7.25 ce. 
of water and 7.75 cc. of saturated ammonium sulfate solution. Dr. Scriver 
and Dr. Berglund (personal communication) found such variations in the 
pH of sodium sulfate solutions that they felt it was necessary to buffer 
their sodium sulfate solutions for use as a precipitating reagent. ' 
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In our previous paper (1) we give the reasons for believing that 
at pH 6.5 the first portion of the curve from 0.8 to 1.25 m® repre- 
sents the precipitation of fibrinogen, while the second portion from 
1.25 to 1.50 m in the horse plasma curves of that paper reflects the 
precipitation of euglobulin. For human plasmas no differential 
precipitation of euglobulin and pseudoglobulin was observed, and 
this observation has been confirmed by Kydd (22). With the 
accumulation of further data many horse plasmas fail to show any 
differential precipitation of two globulin fractions, and the question 
arises as to whether some of the euglobulin is precipitated with 
the fibrinogen or is present in such small amounts as to escape 
detection. Because of the uncertainty as to whether’ the first 
fraction is entirely fibrinogen and our knowledge that no other 
portion of the curve represents the complete precipitation of a pure 
fraction, it would be safer to refer to the portions of the curves as 
Fractions I, II, III, IV, ete. But where a fraction over a par- 
ticular salt range does not appear such as in the curves of Fig. 1, 
a numerical nomenclature of the fractions might be confusing. 
Therefore, though aware of the uncertainty, we may for conven- 
ience refer to the portions of the curves as representing the fibrino- 
gen, euglobulin, pseudoglobulin, Albumin 1, and Albumin 2 frac- 
tions. The finding of a break in the albumin portion of the curve 
indicative of two albumin fractions has been repeatedly confirmed. 

With potassium phosphate solutions of pH 6.5, the single frac- 
tional precipitation of individual protein fractions at specific con- 
centrations may be summarized as follows: 

Fraction I, containing fibrinogen, is precipitated at a molar 
concentration of phosphate of 1.25.° 

Fraction II, probably largely euglobulin, but no more than two- 
thirds of the total amount; begins to precipitate at a molar con- 
centration of phosphate of 1.25 and continues to be precipitated 
without the active precipitation of pseudoglobulin up to a molar 
concentration of 1.50. 

Fraction III, representing approximately 80 per cent of the pseu- 
doglobulin and 30 per cent of the euglobulin, precipitates between 
the molar concentrations of 1.50 and 2.40. 


* At pH 6.5 the ionic strength of potassium phosphate per liter of solu- 
tion = 2 X molar concentration of phosphate. 
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Fraction IV, consisting of Albumin 1 with some pseudoglobulin, 
begins to precipitate at a molar concentration of phosphate of 2.40 
and continues to be precipitated without the active precipitation 
of Albumin 2 up to a molar concentration of 2.58. 

Fraction V, consisting largely of Albumin 2 with a trace of pseu- 
doglobulin and Albumin 1, begins to precipitate at a molar con- 
centration of phosphate of 2.58 and is completely precipitated at 
a 3.00 m concentration of phosphate. 

From the nature of the precipitation curves it is clear that an 
estimation of the euglobulin fraction by single fractional precipita- 
tion in potassium phosphate solution over a pH range from 5.4 
to 7.7 is subject to such an error as to make a quantitative estima- 
tion of euglobulin concentration unwarranted. Complete precipi- 
tation curves of plasma in sodium sulfate solutions at 37.5° 
according to the method of Howe (10) indicate that an error of 
the same order of magnitude applies to euglobulin determinations 
by that method. 

The inability to make a quantitative estimation of certain of 
the plasma proteins by single fractional precipitation does not 
mean that they cannot be separated by repeated fractional pre- 
cipitation. 


SUMMARY 


The effect of pH, temperature, and removal of lipids on the 
solubility of the plasma or serum proteins in concentrated solu- 
tions of potassium phosphate is described. Neither the variations 
of pH or temperature over the ranges studied nor the removal of 
lipids affects the completeness of separation of these proteins by 
single fractional precipitation. 

The significance of the observed dependence of the solubility of 
the plasma proteins on pH in the determination of plasma protein 
fractions by the commonly used salting-out procedures is discussed. 

The concentrations of potassium phosphate in plasma phosphate 
solutions of pH 6.5 that may be used in estimating the concentra- 
tion of certain plasma protein fractions or in accomplishing their 
separation by repeated fractional precipitation are given. 
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relation (McLEAN and Hrn- 
RICHS) lxiii 

— serum, forms (GREENBERG 
and Larson) 105 
(BENJAMIN) 123 

Gossypol and, reaction, physi- 
ological significance (Gat- 
Lup and REDER) XXXVi 

-Low diet, rickets production 


(SHOHL) Ixxxv 
— —, tetany production 
(SHOHL) Ixxxv 


Urine, excretion (LoGan) 481 
Callicrein: Purification (Briscu- 
orF and E..ior) 419 
Capillaries: Permeability, pro- 
teins (Krys and Tay.or) 
55 
-Carbon dioxide 
equilibrium, amino acids, 
hemoglobin, and _ blood 
serum proteins, blood carbon 
dioxide transport, relation 
(Stapre and O’Brien) 
Ixxxvii 
Carbamino compounds: Carbon 
dioxide transport, relation 
(Daty and D111) XXV 


Carbamate: 
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Carbohydrate: Ingestion, high, 
blood sugar and respiratory 
exchange, effect (TAaLBorTr) 

xci 

Carbon dioxide: Blood, trans- 
port, carbamate-carbon 
dioxide equilibrium of amino 
acids, hemoglobin, and blood 
serum proteins, relation 
(Stapre and O’BrIEN) 

Ixxxvii 

Carbamate-, equilibrium, 
amino acids, hemoglobin, 
and blood serum proteins, 
blood carbon dioxide trans- 
port, relation (STapre and 
O’Brien) Ixxxvii 
Sugar-beet hydrogen ion con- 
centration and nitrogen frac- 


tions, effect (Fire and 
FRAMPTON) 643 
Transport, carbamino com- 
pounds, relation (Day and 
D111) XXV 
Carbon monoxide: Air, determi- 
nation (CHRISTMAN and 
Bock) xXx 


Capacity, hemoglobin (Mor- 


RISON and Hisey) 233 
Carnosine: Muscle, _ skeletal 
(Wotrr and WILson) 565 


Carotene: Butter fat, determi- 
nation, spectrophotometric 
(WIsEMAN and Cary) ci 

Hay and meal, storage effect 
(KANE and Sarnn) xlviii 

Catalase: Inactivation (RosEN- 
BLUM) 635 

Cataract: Production, lactose- 
containing diet, blood sugar, 
relation (Dar) Xxvi 

—, vitamin G-deficient diet, 
blood sugar, relation (Day) 
Xxvi 








Index 


Cell: Division, stimulants and 
depressants, oxidative, ac- 
tion (CLowes and Kraut) 

xxi 

Cellobiose: Fermentation, colon 
and aerogenes bacteria (Por 
and KLEMME) 43 

Children: Anemias, blood cell 
and plasma, lipid and min- 
eral distribution (ErtcKson, 
Core, STERNBERGER, LEE, 
Coo.ery, and Macy) XXX 

Nephrotic, mineral metabolism 
(Wane, KavcHer, = and 
WING) xev 

Chioride: Blood serum, determi- 
nation, gasometric (SENp- 
ROY) Ixxxi 

Urine, determination, gasomet- 
ric (SENDROY) lxxxi 
Cholesterol: Blood serum, jaun- 
dice (BopANSKY and JAFFE) 
x 
Chemical treatment, effect 
(MILLER, ZscHEILE, Kocu, 
Hoeness, and Koc) Ixv 
Esterase, blood (Sperry and 
ScHOENHEIMER) Ixxxvi 
-Fed rats, liver lipids, under- 
nutrition and vitamin defi- 
ciency, effect (Okey and 
GILLUM) Ixxii 
Muscle (BLoor and Sniper) 
ix 
Total and free, determination, 
colorimetric (Fritz) 523 

Chrysanthemin: Maize, purple- 
husked (Sanpo, MILNER, 
and SHERMAN) 203 

Citric acid: Determination 
(SHERMAN, MENDEL, and 
SMITH) Ixxxiii 


Metabolism (SHERMAN, MEN- 
DEL, and SMITH) 


Ixxxiii 








XUM 














Cod liver oil: Blood, lactation, 
effect (McCay and May- 


NARD) 29 
Milk, effect (McCay and May- 
NARD) 29 


Colloid(s): Blood plasma, recov- 
ery from work, relation 
(Keys and TayLor) 55 

Depressor, urine, purification 
(BiscHorr and E..ior) 

419 

Osmotic pressure, blood serum, 

determination (Krys and 

TAYLOR) 47 

Colon: Bacteria and aerogenes, 
cellobiose fermentation (PoE 


and KLEMME) 43 
—, sugars, rare, fermentation 
(Por and KLemMe) 43 


Cortin: Chemical nature (KeEn- 
DALL, Mason, McKEeEnziz, 
and Myers) p. | 

Creatine: Heart, thyroid and 
thyroxine effect (BopANsKy) 

615 
Liver, thyroid and thyroxine 
effect (BoDANSKY) 615 
Muscle (Cor.Ley, Kramer, and 
Wo tr) xxiii 
—,thyroid and_ thyroxine 
effect (BopANsky) 615 
Origin (BLock and Branp) 
‘viii 
(BopANSsKy) xi 
Testes, thyroid and thyroxine 
effect (BopANsKy) 615 

Creatinine: Blood serum, isola- 
tion (GAEBLER) XXXV 

Cyanide: -Hemochromogen, oxi- 
dation-reduction potentials 
(Barron and Hastings) 


iv 
Cysteine: Determination (SHIN- 
OHARA) 665, Ixxxiv 
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Cysteine—continued: 
Determination, iodometric 
(LavINE) 141 
Metabolism, cystinuria (BRAND, 
CaHILL, and Harris) 69 
Cysteine hydrochloride: Stand- 
ardization (SHINOHARA) 

lxxxiv 
Cystine: Absorption and metab- 
olism, intestinal loop 
(ANDREWS, JOHNSTON, and 
ANDREWS) iii 
Derivatives, absorption and 
metabolism, intestinal loop 
(ANDREWS, JOHNSTON, and 
ANDREWs) iii 
—,growth effect (JoNnzEs, 

ANDREWS, and ANDREWS) 
xlvii 

Determination (SHrNoHARA) 
665 
—, Pulfrich photometer (Kas- 
SELL) xlix 
Homo-, isomers, optically ac- 
tive, methionine, naturally 
occurring, configurational 
relationship (pu VIGNEAUD 
and PaTtrEerson) 97 
—,—, — —, preparation (pu 
VIGNEAUD and PaTTEeRsON) 


97 

d-Homo-, growth effect (Dyer 
and pu VIGNEAUD) 477 
l-Homo-, growth effect (Dyer 
and pu VIGNEAUD) 477 
Metabolism, cystine sulfoxide 
relation (MEpDEs) lxiv 
—, cystinuria (BRAND, CAHILL, 
and Harris) 69 


-Related disulfides, determina- 
tion, Pulfrich photometer 
(KASSELL) xlix 

Cystine disulfoxide: /- (LAvINE 
and ToENNIES) liii 
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Cystine sulfoxide: Cystine me- 
tabolism, relation (MEpDEs) 
lxiv 

Cystinuria: (Lewis) lv 
Cysteine metabolism (BRanp, 
CanILu, and Harris) 69 
Cystine metabolism (BRanp, 
CaHILL, and Harris) 69 
Glutathione metabolism 
(Brann, CanILt, and Har- 
RIS) 69 
Methionine metabolism 
(Brann, Cantu, and Har- 
RIS) 69 
Serine metabolism (BRAND and 
CAHILL) 545 
Cytochrome: Yeast,  spectro- 
graph, temperature effect 
(URBAN) x¢ciii 


D 


Dalmatian coach-dog: Purine 
metabolism, epinephrine in- 
fluence (CHarkorr, Larson, 


and Reap) 395 

— —, insulin effect (CHAIKOFF 

and Larson) 85 

Dehydration: Tissues, _ effect 
(HAMILTON and ScHWARTzZ) 

745 

Dentin: Composition (Arm- 

STRONG) iv 


Dermatitis: Anti-, factor, iden- 
tity (Hogan and RicHarp- 


SON) xiii 
Dextrose: Blood serum inorganic 
sulfate, ingestion effect 
(Martice, Brucer, and 
DEREN) lx 
Diet: Essential element, proteins, 
isolation (Rosz, McCoy, 


Meyer, Carter, Womack, 
and MERTz) 


xxvii 








Index 


Diet—continued: 
Organic constituents, fluorine 
toxicosis, effect (PHILLIPs 
and Hart) 657 


See also Food, Ration 

Dipeptidase: Specificity (Brre- 
MANN, JZERVAS, FRvTOoN, 
ScHNEIDER, and ScHLEICH) 
325 

Diphtheria bacillus: Trypto- 
phane metabolism (Bav- 
GUESS) v 
Disulfide compounds: Determi- 
nation (SHINOHARA) 665 
Disulfides: Cystine-related, de- 


termination, Pulfrich pho- 
tometer (KAsSsELL) xlix 
E 


Edestin: Dietary protein source, 
salt-poor diet, effect (Swan- 
son, Trmson, and FRaziEr) 

729 

Egg: Albumin, peptic hydrolysis 

(Catvery and Scuock) xvi 
White, hydrolysis, enzymatic 
(Coun and Waite) 169 

Elaidic acid: Tissue phospholi- 

pids, relation (StncLatR) 


Ixxxv 
Electrolytes: Blood pressure, 
cisterna magna _ injection, 


effect (Mason, Resnik, and 
HARRISON) lix 
Embryo: Chicken, reproductive 
system, sex hormones, effect 
(Witter, GALLAGHER, and 


Kocu) xcix 
Enamel: Composition (ARM- 
STRONG) iv 


Enzyme(s): Egg white, raw and 
heat-treated, hydrolysis 
(Coun and WuiTE) 169 

















Enzyme(s)—continued: 
Fibrinolytic, hemolytic strep- 


tococcus (GARNER) XXXvi 
Proteolytic (BERGMANN, ZER- 
vas, FrutTon, ScHNEIDER, 
and ScHLEICH) 325 
Purification, amino acid oxi- 
dation (BERNHEIM = and 
BERNHEIM) 131 
See also Amylase, Antiglyoxal- 
ase, Catalase, Dipeptidase, 
Esterase, Glyoxalase, Lac- 
tase, Papain, Pepsin, Phos- 
phatase, Trypsin 
Epidermis: Human, chemistry 
(WILKERSON) xcix 
Stratum corneum keratins, iso- 
electric point (WILKERSON) 
xcix 
Epinephrine: Purine metab- 
olism, influence, Dalmatian 
coach-dog (Cuarkorr, Lar- 
son, and Reap) 395 
Escherichia coli: Growth factors, 


effect (SanyuUN) xxviii 
Esterase: Cholesterol, blood 
(SPERRY and ScHOEN- 
HEIMER) lxxxvi 
Estrin: Pregnancy, excretion 
(MarRIAN, CoHEN, and 
Watson) lix 


Ether: Blood oxygen determina- 
tion, Van Slyke-Neill. modi- 
fied method, presence (SHAW 


and DowniN@) 405 
Exercise: See also Work 
F 
Fat: Metabolism, lactation 


(Maynarp and McCay) 
Ixi 
—, vitamin B,, relation (Wutp- 
PLE and CuyuRCH) xeviii 
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Fat—continued: 
Refection, réle (WHIPPLE and 
CuuRcH) xeviii 
Fatigue: Blood serum acid-base 
balance, effect (Morse and 
ScHLUTZz) lxix 
Fatty acids: Brominated, metab- 
olism (CorLey, Tripp, and 
NEwToN) xxiii 
Phospholipid, tumor, unsatura- 
tion degree (Haven) xlii 
Fatty constituents: Slash-pine 
phloem (Haut and Gisvotp) 


585 
Feces: Nitrogen (SCHNEIDER) 

249 
Fish: Vitamin A (Britis, Mc- 


DonaLp, MASSENGALE, Im- 
BODEN, Hau, HerGert, and 
WALLENMEYER) vii 
—D (Bris, McDona pn, 
MASSENGALE, IMBODEN, 
HALL, HERGERT, and 
WALLENMEYER) vii 
Flavin: Liver, preparation and 
properties (STARE) 1xxxviii 
Fluorine: Toxicosis, dietary or- 
ganic constituents, effect 
(PHILuips and Harr) 657 
Foods: Amino acids (CsonKa) 
XXV 
Formol: Titration, basic amino 
acids, equilibria (Levy) 365 


G 


Galactose: Absorption, intestine 
(Casort and Karr) xiv 


Lymph, thoracic (Fay and 
WHARTON) 695 
Tolerance, determination, 


Folin sugar methods (Loo- 
NEY and JELLINEK) lvii 
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Galacturonic acid: Poly-, -meth- 
ylglycosides, Ehrlich’s Pek- 
tolséure and Pektolactonsdure 
(Baur and Linx) 293 

Gastric juice: Mucoitinsulfuric 
acid isolation (Komarov) 


177 
Gestation: Pituitary, anterior, 
extract, growth hormone, 


effect (WaTTs) xcv 
Girls: Adolescent, mineral me- 
tabolism (WaNnG, Kaucuer, 
and WING) xev 
Globulin(s): Biological fluids, 
determination, precipitin 
method (GorTTscH and 
KENDALL) 221 
Placenta, immune (GREEN and 


McKuann) XXXVii 
Glucose: Absorption, intestine 
(Casori and Karr) xiv 
Glutamic acid: Lysyl-, deriva- 
tives, synthesis (GrEEN- 
STEIN) 541 


Glutamine: Preparation (Vick- 
ERY, Pucuer, and CLark) 


39 

Glutathione: Glycolysis, effect 
(Moreutis) lxviii 
Metabolism, cystinuria 
(Brann, CAHILL, and Har- 
RIS) 69 
Microdetermination, glyoxalase 

in (WoopWARD) 1 
Glycine: Metabolism (Burrs and 
Dunn) xiii 


Metal complex salts, specificity 
(BERGMANN and Fox) 317 
Glycocyamine: Urine (WEBER) 


xevi 
Glycolysis: Glutathione effect 
(Moreu.is) Ixviii 








Index 


Glycosides: Methyl-, hexuronic 


acids, naturally occurring 
(Baur and Link) 293 
—, polygalacturonic acid-, 
Ehrlich’s Pektolséiure and 
Pektolactonséure (Baur and 
Link) 293 


Glyoxalase: Anti-, kidney and 

pancreas (Woopwarp, Mun- 

RO, and SCHROEDER) 11 

Glutathione microdetermina- 
tion, reagent (WoopwarRD) 

1 

Gonadotropic substance: Urine, 

castrates, female (Levin and 

TYNDALE) liv 

Gossypol: Calcium and, reaction, 

physiological significance 

(GaLLuP and REpER) 

XXxvi 

Growth: Cystine derivatives, 

effect (Jones, ANDREWs, and 

ANDREWS) xlvii 

Factors, Escherichia coli, effect 

(Sanyun) Ixxviii 

—, pathogens, effect (Sanyun) 

Ixxviii 

d-Homocystine, effect (Dyer 

and pu VIGNEAUD) 477 

l-Homocystine, effect (Dyer 

and pu VIGNEAUD) 477 

Hormone, pituitary, anterior, 

extract, gestation and weight 

of new-born, effect (Warts) 


xcV 

—, plant, Rhizopus  suinus 
(THIMANN) 279 
dl-Methionine metabolism, 
dietary protein, effect 
(STEKOL) 147 


l-Methionine metabolism, diet- 
ary protein, effect (SreKoL) 
147 








XUM 














Guanidine: Derivatives, muscle 
dystrophies, relation (SULLI- 


VAN) lxxxix 

Muscle dystrophies, relation 

(SULLIVAN) lxxxix 
H 


Han-fang-chi: Alkaloids (CHEN 
and CHEN) 681 
Hay: Carotene, storage effect 
(Kane and SxHrnn) xlviii 
Heart: Creatine, thyroid and 
thyroxine effect (BopANsKy) 

615 

Heat: Dissipation, heat produc- 
tion, comparison (JOHNSON 


and NEWBURGH) xlv 
Tissue nutrients, effect (Szrr- 
GERS) lxxx 


Hematocrit: Blood adenine nuc- 
leotide relation (BUELL) xii 
Hematopoietic substance: Liver, 
chemistry (Dakin and 
WEstT) 489 
Hemochromogen: Cyanide-, oxi- 
dation-reduction potentials 
(BARRON and HastINGs) iv 
Hemocyanin: Equilibrium, acids 
and bases, oxygenation and 
reduction, effect (SHack) 
383 
Hemoglobin: Blood adenine 
nucleotide relation (BUELL) 
xii 
Carbamate-carbon dioxide 
equilibrium, blood carbon 
dioxide transport, relation 
(StapiE and O’Brien) 
lxxxvii 
Carbon monoxide capacity 
(Morrison and Hisery) 


233 
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Hemoglobin—continued: 

Fate, intravenous injection 
(DraBKIN, WIDERMAN, and 
LANDOW) XXVii 

Iron (Morrtson and Hisey) 

233 

Nitrogen, total (Morrison and 
Hisey) 233 

Salt _—_ solutions, solubility 
(GrEeEN, Coun, and BLancu- 
ARD) 631 

Solutions, hydrogen ion con- 
centration determination, 
errors (Ditt, Fores, and 
HENDERSON) XXVii 

Urea solutions, molecular weight 
and volume (HaANnp) xl 

Hemophilia: Prothrombin 
(Quick) lxxiii 
Hexuronic acids: Naturally oc- 
curring, #methylglycosides 
(Baur and Linx) 293 
Histamine: -Like substance, hy- 
drolyzed proteins (Mc- 
MEEKIN) lxiv 
Homocystine: d-, growth effect 
(Dyer and pu VIGNEAUD) 


477 

l-, growth effect (Dyer and pu 
VIGNEAUD) 477 
Isomers, optically active, 


methionine, naturally occur- 
ring, configurational rela- 
tionship (pu ViGNEAuUD and 


PATTERSON) 97 
—, — —, preparation (pu 
VIGNEAUD and PaTTERSON) 
97 


Hydrogen ion concentration: 
Blood and blood serum, 
potential drift, quinhydrone 
method (HANKE and JoHN- 
SON) xl 
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Hydrogen ion concentration— 
continued: 
Blood serum, determination, 
colorimetric, protein effect 
(Rosrnson, Price, and Cut- 


LEN) xxiv 
Hemoglobin solutions, deter- 
mination errors (DILL, 
Forses, and HENDERSON) 
XXVii 


Saliva, determination (SorEn- 


KoFF and H1nck) 467 
Sugar-beet, carbon dioxide 
effect (Fire and Frampton) 
643 


Hypersideremia: Iron adminis- 
tration effect (Brine, Han- 
zAL, and Myers) viii 


Hypophysectomy: -Pancreatec- 
tomy, effect (Lona and 
LUKENS) lvi 

I 


Imidazole: Derivatives, titration 
constants (Levy) 361 
Indican: Urine, determination 
(Rose and Exton) Ixxvi 
Indigo sulfonates: Absorption 
spectra (LOEFFEL) lvi 
Inorganic salts: Benzoic acid 
detoxication, effect (Grir- 
FITH) XXXiX 
Insulin: Crystalline, chemistry 
(JENSEN, Evans, PENNING- 
TON, and Scuock) xliv 
-Like hormone (LAUGHTON and 
MACALLUM) lii 
Purine metabolism, Dalmatian 
coach-dog (CHAIKorr and 


LARSON) 85 
Intestine: Lactase, characteris- 
tics (Casor1) 159 
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Intestine—continued: 

Mineral partition, digestion 
(ScHarBLE, BANDEMER, and 
Moore) Ixxix 

Mucosa, lactase (Casor1) 159 

Iodine: Balance studies (CoLE 
and Curtis) xxii 

Thyroglobulin (Cavert, Rice, 

and McCienpon) xvii 
Iron: Biological materials, de- 
termination (FARRAR) 

XXxi 

Hemoglobin (Morrison and 
Hisey) 233 

Hypersideremia, administra- 
tion effect (Brinc, Hanzat, 
and Myers) Viii 


J 


Jaundice: Blood serum bilirubin 
(Bopansky and JAFFE) x 


— — cholesterol (BopANsky 
and JAFFE) x 
— — phosphatase (Bopansky 
and JAFFE) x 
Obstructive, prothrombin 
(Quick) Ixxiii 
K 
Keratins: Human, isoelectric . 


point (WILKERSON) xclx 
Keto acids: Amino acid synthesis 
from, acetyl derivative, réle 

(pu ViagNEAupD and IrisH) 
xciv 
Ketosis: (Burts, CurLer, HALt- 
MAN, and DEVEL) 597 
Kidney: Antiglyoxalase (Woop- 
WARD, Munro, and 
ScHROEDER) 11 


Function, nephrectomy effect 
LupDEWIG) 
xviii 


(CHANUTIN and 








on 
nd 
“ix 


ee oe, oo 
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Kidney—continued: 

Insufficiency, parathyroid hor- 
mone action, effect (TWEEDY, 
TEMPLETON, and McJuNKIN) 

xcii 
Kynurenic acid: Bile, adminis- 


tration effect (CorRELL, 
Bera, and Cowan) Xxiv 
L 

Lactalbumin: Peptic hydrolysis 
(MILLER) xvi 
Lactase: Intestine, character- 
istics (Casor!) 159 

— mucosa (Casor!) 159 


Lactation: Blood, cod liver oil, 
shark liver oil, and salmon 
oil, effect (McCay and May- 


NARD) 29 
Fat metabolism (MAYNARD 
and McCay) lxi 


Milk, cod liver oil, shark liver 
oil, and salmon oil, effect 
(McCay and Maynarp) 29 

Lactic acid: Blood (Borr and 


WILson) 463 
Ionization (Nims and Smita) 
lxx 


Liver (Bort and Wiison) 463 
—,formation (Borr and 
WIi1son) 455 
Lactose: -Containing diet; cata- 
ract from, blood sugar, effect 


(Day) XXxvi 
Leprosy: Malnutrition effect 
(LAMB) li 
Lipids: Blood cell, red, and 


plasma, normal and anemic 
children, distribution (Er1ck- 
son, Copr, STERNBERGER, 
Lege, Cooiey, and Macy) 
XXX 
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Lipids—continued: 

Liver, cholesterol-fed rats, 
undernutrition and vitamin 
deficiency, effect (Okry and 
GILLUM) Ixxii 


Liver: Creatine, thyroid and 
thyroxine effect (Bopansky) 
615 


Flavin, preparation and prop- 


erties (STARE) Ixxxviii 
Hematopoietic substance, 
chemistry (Daxin_ and 
West) 489 
Lactic acid (Bort and WILson) 
463 

—-—formation (Borr and 
WILson) 455 


Lipids, cholesterol-fed rats, 
undernutrition and vitamin 
deficiency, effect (Okey and 
GILLUM) lxxii 

Poisons, parathyroid extract, 
influence (GREENBERG) 


XXXViii 
Lymph: Thoracic, galactose (Fay 
and WHARTON) 695 


Lysylglutamic acid: Derivatives, 
synthesis (GREENSTEIN) 
541 


Magnesium: -Low diet, effect 
(GREENBERG and TurFrrts) 


XXXViii 

Maize: Pigments (SaAnpo, Mi- 
NER, and SHERMAN) 203 
Purple-husked, chrysanthemin 
(SanDo, MILNER, and 
SHERMAN) 203 
Malnutrition: Leprosy, effect 
(Lams) li 
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Methionine: dl-, metabolism, 
dietary protein, effect 
(STEKOL) 147 


l-, metabolism, dietary protein, 
effect (STEKOL) 147 
Metabolism, cystinuria 
(Brann, CaHILu, and Har- 
RIS) 69 
Naturally occurring, homo- 
cystine isomers, optically ac- 
tive, configurational relation- 
ship (pu ViGNEAUD and 
PATTERSON) 97 
Methylglycosides: Hexuronic 
acids, naturally occurring 
(Baur and Linx) 293 
Polygalacturonic acid-, Ehr- 
lich’s Pektolséure and Pekto- 
lactonsdure (BAuR and Linx) 
293 
Mice: Homozygous, test animals 
(McCLEeNpDOoN and StrREET) 
lxi 
Milk: Cod liver oil, shark liver 
oil, and salmon oil, effect 
(McCay and Maynarp) 
29 
Mineral(s): Blood cell, red, and 
plasma, normal and anemic 
children, distribution (Erick- 


son, Copr, STERNBERGER, 
Ler, Coo.ey, and Macy) 

XXX 

Metabolism, adolescent girls 

(Wanc, Kavcner, = and 

WING) xcv 


—, muscle dystrophy, pseudo- 
hypertrophic, boys (Wana, 
Kavucuer, and WING) xcv 

—, nephrosis, children (WANG, 
Kavucuer, and WING) xcv 


Partition, intestinal digestion 
(ScHarsLE, BANDEMER, and 
Moore) 


lxxix 








Index 


Mucilage: Psyllium seed (An- 

DERSON and FIREMAN) 437 

Mucoids: Sugar radicals (MEYER 

and PALMER) lxv 

Mucoitinsulfuric acid: Gastric 
juice, isolation (Komarov) 

177 

Muscle: Blood and, salt and 

water exchange (Hastings 


and EICHELBERGER) xli 
Cholesterol (BLoor and 
SNIDER) ix 


Creatine (Cortey, KRAMER, 


and WoLF) XXxiii 
—, thyroid and_ thyroxine 
effect (BoDANSKY) 615 


Dystrophy, guanidine and de- 


rivatives, relation (SuLu- 
VAN) Ixxxix 
—, pseudohypertrophic, min- 
eral metabolism, boys 
(Wanc, KavcnHer, and 
WING) x¢ev 
Skeletal, anserine (WoLFF and 
WILson) 565 
—,carnosine (WoLFrr_ and 
WILson) 565 
N 


Nail: Finger, amino acids, nor- 
mal and arthritic (Hess) 
xliii 
Nephrectomy: Kidney function, 
effect (CHANUTIN and LuDE- 
WIG) xviii 
Nephritis: Ammonia secretion, 
urine acid-base balance, rela- 
tion (BriaGs) xii 
Xylose tolerance, blood urea, 
comparison (Larson) lii 
Nephrosis: Mineral metabolism, 
children (WANG, KAUCHER, 
and WING) xev 
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New-born: Weight, pituitary, 
anterior, extract, growth hor- 
mone, effect (WaTTs) xev 

Nitrogen: Feces (SCHNEIDER) 


249 

Sugar-beet, carbon dioxide 
effect (Fire and Frampton) 
643 

Total, hemoglobin (Morrison 
and Hisey) 233 


Nitrogenous substances: Sugar 
determination, effect (SHEp- 
PARD and EveReTT) 1xxxii 

Nucleotide: Adenine, hemo- 
globin, hematocrit, and red 
blood cell count, relation 
(BUELL) xii 

Nutrition: See also Malnutrition 


Oo 


Oil: Cod liver. 
oil 
Salmon. See Salmon 
Shark. See Shark 
Organic compounds: Salts, alka- 
line reserve, effect (CAPE) 


See Cod liver 


xvii 

Organic constituents: Diet, 
fluorine toxicosis, effect 
(Puiturps and Harr) 657 
Ovary: Follicular hormone 
(MacCorqQuopaLez, THAYER, 

and Dotrsy) ~ Wiii 


Oxidation: 8 (Burrs, CUTLER, 
HaLuMAN, and DeveL) 597 
Stimulants and depressants 
(Crowes and KrauL) xxi 
Oxygen: Blood, determination, 
ether presence, Van Slyke- 
Neill modified method | 
(SHawand Downine) 405 | 
Dissociation curves, blood, bird | 
(CHRISTENSEN and DiLL) | 
443 | 
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ects 





P 


Papain: Test (SumNeR and 
HoweELL) 429 
Parathyroid extract: Liver 
poisons, influence (GREEN- 
BERG) XXXViii 
Parathyroids: Hormone, kidney 
insufficiency effect (Twzepy, 


TemPLeTon, and  Mc- 
JUNKIN) xcii 
Vitamin D, relation (Jonzs) 
xlvi 
Pancreas: Antiglyoxalase (Woop- 
WARD, Munro, and 
SCHROEDER) 11 
Pancreatectomy: -Adrenalec- 
tomy, effect (Lone and 
LUKENS) lvi 
-Hypophysectomy, effect 
(Lone and LuKEns) lvi 


Pektolactonsdure : Ehrlich’s, poly- 
galacturonic acid-methylgly- 
cosides from (Baur and 
Link) 293 

Pektolsdure : Ehrlich’s, polygalac- 
turonic acid-methylglyco- 
sides from (Baur and Linx) 

293 

Pepper: Sweet, polyhydroxy acid 
(BAUMANN, SPRINSON, and 
METZGER) Vv 

Pepsin: Albumin, egg, hydrolysis 
(CaLvery and Scuock) 

xvi 
Crystalline, analysis (CALVERY, 
Herriotr, and Norrsrop) 


xvi 

Lactalbumin hydrolysis (Mi- 
LER) Ixvi 
Peptidase: Di-, specificity 


(BERGMANN, Zervas, FRv- 
TON, ScHNEIDER, and 


ScHLEICH) 325 
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Peptides: Multivalent (Green- 
STEIN) 529, 541 
Salts, complex (BERGMANN and 
Fox) 317 
Solutions, neutral salts, action 


(Coun, McMeexrn, and 
GREENSTEIN) Xxi 
Phenol: Determination (Ep- 
WARDS) XXVili 


Phosphatase: Blood serum, jaun- 
dice (BopANSKy and JAFFE) 

x 

Phosphate: Blood calcium and, 
relation (McLean and Hin- 
RICHS) lxiii 
Phospholipid(s): Blood plasma, 
oxalated and _ heparinized 
(ScumipT) 449 
Fatty acids, tumor, unsatura- 
tion degree (HAVEN) xlii 
Tissue, elaidic acid, relation 


(SrIncLAIR) lxxxv 
Phosphorus: Inorganic, blood 
serum, forms (GREENBERG 
and Larson) 105 
(BENJAMIN) 123 


Organic acid-soluble, erythro- 
cytes (Kerr and Daovup) 

301 

Phospho-18-tungstic acid: Thiol 

compounds, color reaction 

(SHINOHARA) 665 

Pigment: Maize (Sanpo, Mui- 

NER, and SHERMAN) 203 

Pine: Slash. See Slash-pine 

Pinus caribea: See Slash-pine 

Pituitary: Thyrotropic hormone, 

determination, chemical 

(McCutiaGcu and StimMEL) 

Ixii 

Pituitary extract: Anterior, 

growth hormone, gestation 

and weight of new-born, 

xev 


effect (WatTTs) 





Index 


Placenta: Globulins, immune 
(GreEN and McKuann) 
XXXVii 
Plant: Growth hormone produc- 
tion, Rhizopus suinus (Tu- 
MANN) 279 
Plantago psyllium: See Psyllium 
Pneumococcus: Type II, specific 


precipitate (CALVERY, 
HEIDELBERGER, and KeEn- 
DALL) xv 
Poison: Liver, parathyroid ex- 
tract, influence (GREEN- 
BERG) XXXViii 
Toad, chemistry (Jensen) 

xliv 


Polygalacturonic acid: -Methyl- 
glycosides, Ehrlich’s Pektol- 
sdure and Pektolactonsdure 
(Baur and Linx) 293 

Precipitin: Biological fluids, al- 
bumin and globulin determi- 
nation (GorTrscH and Ken- 


DALL) 221 
Pregnancy: Estrin excretion 
(Marrian, Conen, and 
Watson) lix 
Urea clearance (Nice) Ixix 
Water, blood, distribution 
(Oserst and P.ass) Ixxi 
Protein(s): Bence-Jones (Cal- 
VERY and FrReYBERG) 
739, xv 


Blood plasma, precipitation, 
factors affecting (BUTLER, 
Buiattr, and SouTHGATE) 

755 

— —, solubility, factors affect- 
ing (Bur.er, Buarr, and 
SOUTHGATE) 755 

— serum, carbamate-carbon 
dioxide equilibrium, blood 
carbon dioxide transport, 
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Protein (s)—continued: l 
relation (STaDIE and | 
O’BrRIEN) lxxxvii 

Blood serum hydrogen ion con- 
centration determination, 
colorimetric, effect (Rosin- 
son, Price, and CULLEN) 

Ixxiv 

Capillary permeability (Keys 
and TAYLOR) 55 

Dietary, (edestin), salt-poor 
diet, effect (Swanson, Tim- 
SON, and FrazrER) 729 

— essential in, isolation (Ros, 
McCoy, Meyer, Carrer, 
Womack, and Mertz) 


Ixxvii 
—,l- and dl-methionine me- 
tabolism (STEKoOL) 147 


Hydrolyzed histamine-like 
substance, separation (Mc- 
MEEKIN) lxiv 

Physical chemistry (GREEN, 
Coun, and BLANCHARD) 


631 
Saccharomyces cerevisiz 
(CsonKA) 703 


Silk, chemical and immunologi- 
cal properties (FeLu) xxxi 
Yeast (CsonKa) 703 
Proteolysis: Enzymes (Brrc- 
MANN, ZERVAS, FrvurTon, 
ScHNEIDER, and ScHLEIcH) 
325 

Prothrombin: Hemophilia 
(Quick) I xxiii 
Jaundice, obstructive (Quick) 
Ixxiii 

Psyllium: Seed, mucilage (AN- 
DERSON and FIREMAN) 437 | 
Purine: Metabolism, epinephrine 
influence (CHAIKoFF, Lar- 





son, and Reap) 395 
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Purine—continued: 
Metabolism, insulin effect, Dal- 
matian coach-dog (CHAIKOFF 

and Larson) 85 


R 


Ration: Wool, lamb, effect (SuL- 
LIVAN, Hess, Harpy, and 


Howe) xc 

See also Diet 
Refection: Fat réle (WHIPPLE 
and CuurRcH) xeviii 


Reproductive system: Embryo, 
sex hormones, effect (Wi- 
LIER, GALLAGHER, and 
Koc) xcix 

Respiration: Depressants, oxida- 
tive, action (CLowes and 
KRaABL) xxi 

Stimulants, oxidative, action 
(CLowes and Kraut) xxi 


Respiratory exchange: Carbo- 
hydrate ingestion, high 
(TALBOTT) xci 


Rhizopus suinus: Plant growth 
hormone produced by (Tui- 


MANN) 279 
Rickets: Calcium-low diet, pro- 
duction (SHOHL) lxxxv 


Ring structure: Thymidine 
(LevENE and Tipson) 623 


Ss 


Saccharomyces cerevisie: Pro- 

teins (CsonKA) 703 

Saliva: Acid-neutralizing power 
(Sovenkorr and H1ncx) 

467 

Hydrogen ion concentration 

determination (SoyeNKoFF 

and H1nck) 467 
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Salmon: Oil, blood, lactation, 
effect (McCay and May- 
NARD) 29 

—, milk, effect (McCay and 
MAYNARD) 29 

Salt(s): Diet poor in, edestin as 
sole protein, effect (Swan- 
son, Trmson, and Frazier) 

729 

Water and, exchange, blood 
and muscle (HastTinGs and 
EICHELBERGER) xli 

Sapogenin: Sarsa- (Simpson and 
JACOBS) 573 

Sarsasapogenin: (Simpson and 
JACOBS) 573 

Serine: Metabolism, cystinuria 


~ 


(BRAND and CaHILL) 545 
Sex: Hormones, reproductive 
system, embryo, effect (WIL- 
LIER, GALLAGHER, and 
Kocnr) xcix 
—, urine, female, properties 
(BowMaN, VISSCHER, and 
Mutt) xi 


Shark: Liver oil, blood, lacta- 


tion, effect (McCay and 
MAYNARD) 29 
——,milk, effect (McCay 


and MAYNARD) 29 
Silk: Proteins, chemical and im- 
munological properties 
(FELL) XXXi 
Skin: See also Epidermis 
Slash-pine: Phloem, fatty con- 
stituents (HALL and Gis- 


VOLD) 585 
Starch: Substrates, amylase | 
determination, preparation 
(THOMPSON) 201 
Sterol(s): Absorption, specificity 
(SCHOENHEIMER, SPeErRRy, 
and Dam) xxix 





Index 


Sterol (s)—continued: 
Liebermann-Burchard reaction, 


spectrophotometric studies 
(MorRGAREIDGE) lxvii 
Vitamin D-containing mate- 


rials, separation (NATELSON 
and SoBEL) 687 
Streptococcus: Hemolytic,  fi- 
brinolytic enzyme (GARNER) 
XXXVi 

Sugar(s): Acetoacetic acid, re- 
action (FRIEDEMANN and 
Kaas) XXXiV 
Amino, determination (PALMER 
and MEYER) Ixxiii 
Determination, nitrogenous 
substances, effect (SHEPPARD 

and EvERETT) Ixxxii 

—, precipitating agents (West, 
LANE, and Curtis) xevii 
Fermentation, colon and, aero- 


genes bacteria (Por and 
KLEMME) 43 
Radicals, mucoids (Meyer and 
PALMER) Ixv 


Sugar-beet: Hydrogen ion con- 


centration, carbon dioxide 
effect (Fire and Frampton) 
643 

Nitrogen fractions, carbon di- 
oxide effect (Fire and 
FRAMPTON) 643 
Sulfate: Inorganic, blood serum, 
determination (HorrMan 
and CarRDoNn) 717 
—,— —, dextrose ingestion, 
effect (Martice, BruaGer, 
and DEREN) lx 


T 


Testes: Creatine, thyroid and 
thyroxine effect (BopDANSsKY) 
615 
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Tetany: Calcium-low diet, pro- 
duction (SHoHL) Ixxxv 
Theelin: Determination, colori- 
metric (CARTLAND, MEYER, 
MILLER, and Rutz) 213 
Prepared from urines and thee- 
lol, comparison (CARTLAND, 
Meyer, MILuerR, and Rutz) 
213 
Theelol: Determination, colori- 
metric (CARTLAND, MEYER, 
MILLER, and Rutz) 213 
Theelin from urines and, com- 
parison (CARTLAND, MEYER, 
MILLER, and Rutz) 213 
Thiol compounds: Determina- 
tion (SHINOHARA) 665 
Phospho-18-tungstic acid, color 
reaction (SHINOHARA) 665 
Thymidine: Ring structure 
(LEVENE and Trpson) 623 
Thyroglobulin: Iodine (Cavert, 
Rice, and McCLenpon) 


xvii 

Thyroxine (Cavert, Rice, and 
McC.Lenpbon) xvii 
Thyroid: Heart creatine, effect 
(BopAaNskKy) 615 
Liver creatine, effect (Bop- 
ANSKY) 615 
Muscle creatine, effect (Bop- 
ANSKY) . C15 
Testes, creatine, effect (Bop- 
ANSKY) 615 


Thyrotropic hormone: Pituitary 
gland, determination, chemi- 
cal (McCuLiaga and Stim- 


MEL) lxii 
Thyroxine: Heart creatine, effect 
(BopaNsky) 615 
Liver creatine, effect (Bop- 
ANSKY) 615 


Muscle creatine, effect (Bop- 
ANSKY) 615 
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Thyroxine— continued: 
Testes, creatine, effect (Bop- 
ANSKY) 615 
Thyroglobulin (Cavett, Rice, 
and McCLenpon) xvii 
Tissue(s): Dehydration, effect 
(HAMILTON and ScHWARTz) 
745 
Nutrients, alcohol extraction 
and heating, effect (Srxz- 


GERS) lxxx 
Toad: Poison, chemistry (JEN- 
SEN) xliv 
Tooth: Composition (ArRm- 
STRONG) iv 
Trypsin: Digestion, determina- 
tion (JuKEs) xvii 
Test (SuMNER and HowE LL) 

429 


Tryptophane: di-, bile, adminis- 
tration effect (CorRELL, 
Bera, and Cowan) Xxiv 

l-, bile, administration effect 
(CorrE.LL, Bero, and Co- 
WAN) XXxiv 

Metabolism, diphtheria bacil- 
lus (BAUGUESS) Vv 

Tumor: Mouse, titration (SHEAR) 

Ixxxi 

Phospholipid fatty acids, un- 

saturation degree (Haven) 
xlii 
U 

Undernutrition: Liver lipids, 
cholesterol-fed rats (Okry 
and GILLuM) lxxii 

Urea: Blood, xylose tolerance, 
nephritis, comparison (Lar- 
SON) lii 

Clearance, pregnancy (Nice) 

lxix 

Solutions, hemoglobin molec- 
ular weight and volume 
(Hanp) xl 
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Urine: Acid-base balance, am- 
monia secretion, nephritis, 
relation (Briggs) xii 

Depressor colloid, purification 
(Bisckorr and Exuior) 419 
Gonadotropic substance, cas- 
trates, female (Levin and 
TYNDALE) liv 
Hormones, female, properties 
(Bowman, VisscHEeR, and 
MULL) xi 

Urochrome: (FLEMING and 

MAcaLLuM) XXXili 


Vv 


Vapor pressure: Blood, deter- 
mination (CULBERT) 547 
Vitamin(s): A, fishes (BILLs, 
McDonatp, MASSENGALE, 
ImpopEen, Hai, Hercert, 
and WALLENMEYER) Vii 
—, storage (CLausEN and Mc- 
Coorp) Xx 
B complex, anemia, nutritional, 
relation (Kyer and Brru- 
ELL) p. 1 
B,, animal tissue (ELVEHJEM, 
SHERMAN, and ARNOLD) 
Xxix 
—,fat metabolism, relation 
(WurIppPLe and Cuurcx#) 
xeviii 
C, determination, chemical 
(GuIcK) 433 
D-containing materials, ster- 
ols, separation (NATELSON 
and SoBEL) 687 
D, fishes (Brtus, McDona.p, 
MASSENGALE, IMBODEN, 
Haut, Hercert, and Wat- 
LENMEYER) vii 
—, parathyroid action, relation 
(JONES) xlvi 





Index 


Vitamin (s)—continued: 

Deficiency, liver lipids, chol- 
esterol-fed rats (OKEY and 
GILLUM) 

E, properties (OLcorTT) 

G, crystalline, preparation 
(Lerkovsky, Popper, and 
Evans) li 

G-deficient diet, cataract from 
blood sugar, relation (Day 


G. See also Antidermatitis 


WwW 


Water: Blood, distribution, preg- 
nancy (Operst and P.ass): 


Salt and, exchange, blood 
muscle (HastTINGs 
EICHELBERGER) 

Wool: Lamb, ration effect (Sue 
LIVAN, Hass, Harpy, af 
Hows) xe 

Work: Blood plasma colloids, 
effect (Keys and Taytor) 

55 


x 


Xenopus levis: See Toad 


Xylose: Tolerance, blood urea,” 
nephritis, comparison (LaR- 
SON) 


Y 


Cytochrome, _ spectro- 
temperature effect 
xciii 
703 


Yeast: 
graph, 
(UrBan) 

Proteins (CsonKA) 


Z 


Nutrition (Stirn, Eve 
347, 


Zinc: 
HJEM, and Harr) 








